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Abstract

Water quality of tributaries in the Snohomish River drainage are assessed using data collected by
Ecology and Snohomish County. Overall, water quality in Quilceda Creek, Allen Creek, French
Creek, Woods Creek, the Marshland, and parts of the Pilchuck River violate water quality
standards for fecal coliform. The violations are more extensive during the dry season (May -
October). In addition, violations of the dissolved oxygen criterion occur during the dry season in
Quilceda Creek, Allen Creek, French Creek, and the Marshland. Water quality in all of the study
basins is being adversely impacted by nonpoint sources of pollution. Total maximum daily loads
(TMDLs) and load allocations (LAs) are recommended for fecal coliform, but are also expected.
to mitigate other water quality concerns in the study area. Watershed management plans should
be implemented under WAC 400-12 (the “nonpoint rule”) to achieve necessary reductions and
thus meet water quality standards.
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Introduction

Problem Statement

Ecology's Northwest Regional Office (NWRO) is concerned about nonpoint poliutant loading to
the following Snohomish River tributaries: Quilceda Creek, Allen Creek, French Creek, Woods
Creek, the Marshland, and the Pilchuck River. They requested that the Watershed Assessment
Section (WAS) assess the water quality of these drainage systems with respect to 303(d) listed
parameters and impaired uses. Table 1 lists the 303(d) parameters for the drainages. '

In addition to concerns about the water quality and impaired uses of Snohomish River tributaries,
there is also concern about these systems' effects on the Snohomish Estuary as part of the Puget
Sound. The Puget Sound Water Quality Authority (PSWQA) was established, in part, because of
the potential water quality impacts from watersheds draining to the Sound. PSWQA developed a
watershed management plan for protecting Puget Sound called "Puget Sound Water Quality
Management Plan". The watershed management program is defined in the Washington
Administrative Code Chapter 400-12 (WAC 400-12). As part of the PSWQA management
program, counties ranked their specific drainage basins and subbasins with respect to water
quality. ‘

Currently, Quilceda Creek, Allen Creek, the Marshland, and French Creek are ranked under the
WAC 400-12 management program. The Pilchuck River and Woods Creek are not ranked under
the program, partly because water quality data to establish current conditions have not been
available. :

Background Information

Figure 1 is a map of the study area. The Snohomish River basin drains 1,978 square miles and
discharges to Possession Sound. The Snohomish River is formed by the junction of two major
rivers, the Skykomish and Snoqualmie. Historically, land-use in the basin has mostly been
agriculture and forest, but it is rapidly becoming more urban. In the 1980s Snohomish County
was the fastest growing county in the state (Fox and Hodgkin 1992). Increased urbanization and
other land development are likely having a direct impact on water quality in the basin through
alteration of stream banks, riparian vegetation, and near stream forest; and through increased
contributions of organic material, nutrients, bacteria, and solids. Thornburgh (1993) reported that
fish runs are diminished and many shellfish beds are closed due to declining water quality in the

. county.

A total maximum daily load (TMDL) study for point source discharges of oxygen-depleting
substances to the lower Snohomish River Estuary system has been completed (Cusimano 1995,
1997). As part of this study, historical data were reviewed and water quality data collected on all
the major tributaries to the system. Results of the review and data collection efforts suggest that
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major tributaries to the Snohomish River have poor water quality. The following is a brief basin
description and summary of historical water quality for each of the study basins.

Quilceda/Allen Creek

Quilceda and Allen Creek flow south through the city of Marysville (see basin map in Appendix
C). They are both designated Class A waters (WAC 173-201A). Their watersheds include about
49 square miles. Quilceda Creek drains roughly 38 square miles and Allen Creek the remaining

11 square miles of land. These co-located streams are just north of the Snohomish River delta in
Snohomish County between the cities of Arlington and Everett. Both basins discharge to Ebey
Slough, a side channel of the Snohomish River, which enters Possession Sound just to the west of
the Quilceda Creek confluence.

Throughout the Quilceda/Allen Creek watersheds both residential and commercial development is
growing. Snohomish County reports that the population of Marysville doubled from 1989-1994
and estimates the 1992 population within the watersheds was 40,600. Forecasts estimate that by
2012 the watershed population could reach 58,000,

The upper watershed is comprised primarily of agriculture and rural land uses, while commercial
and industrial land uses are generally in the lower basin. Industrial areas comprise about 10% of
the land area which includes: the Boeing Test Facility located on the Tulalip Reservation, the
Arlington Airport, and Brashier’s Industrial Park in Marysville. Land east of I-5 from 136th to
172nd NE is zoned industrial/business, but currently is only partially developed. Commercial
development accounts for about 5% of the watershed, and is generally located adjacent to the
I-5 corridor. Along Tulalip Road exists a casino, bingo parlor, and service facilities. Downtown
Marysville has a commercial center extending northward along State Ave to 116th Ave NE. A
small shopping center and gas stations/convenience stores are located along 172nd just east of
I-5. The city of Marysville concentrates the residential development, covering about 25% of the
watershed. The majority of new residential development has occurred in the Allen Creek basin.
The remainder of the watershed is zoned agriculture (30%) or rural (30%). There are 251
farming enterprises in the watershed; 70 are commercial, with 15 of these being dairy farms. In
the northern portion of the watershed agricultural areas are generally small farms or fallow fields.
Small farms, Jow density single family homes, and forest lands are found in rural zoned areas.
Forest lands are about 15% of the watershed, mostly located on the Tulalip Reservation or the
eastern hillslopes (Quilceda/Allen Watershed Characterization; Carroll and Thornburgh, 1994).

Quilceda/Allen Creek are not meeting Class A standards. High levels of fecal coliform and
nutrients have been reported in Quilceda and Allen Creek (Thornburgh ef @, 1991; Thornburgh
and Leif, 1992; Cusimano, 1995). In addition, oxygen levels often violate the dissolved oxygen
standard with concentrations less than 6.5 mg/L not uncommon during summer months
(Thornburgh et al., 1991; Cusimano, 1995). Total organic carbon concentrations of 4-5 mg/L
have been found, which implies loading of organic material to the system (Cusimano, 1995).
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Violations of the mercury, cadmium, and lead criteria (i.e., the pre-1992 total recoverable metal
standards) have also been reported (Thornburgh and Leif, 1992).

Larson and Marti (1996) investigated the relationship between Quilceda Creek and the surficial
aquifer in a seven square mile study area in the Marysville Trough. They found that ground water
was a major contributor to streamflow, accounting for 46 to 60% of flow during times when
surface runoff was absent (not raining). Ground water was not found to be a source of bacteria to
the creek, but it was found to be an important source of total dissolved solids, nitrate, and
chloride, as well as a minor source of total organic carbon, ammonium, and phosphorus.

Impaired uses of Quilceda and Allen Creek are primary contact recreation; secondary contact
recreation; and, salmonid and other fish spawning, migration, rearing, and harvesting (Ecology,
1994). Probable sources of contaminants are urban and commercial runoff, septic systems,
manure, fertilizers, and animal access to the creeks. A survey by the Tulalips identified direct
animal access, failing septic systems, and over 350 sources of direct discharge degrading
Quilceda/Allen Creeks water quality (Thornburgh, 1993).

Snohomish County (1994) completed an extensive watershed characterization of the Quilceda and

Allen Creek drainages as part of a local watershed planning and management program under

WAC 400-12. The watershed characterization and the Quilceda/Allen Watershed Management

Plan provide a description of the physical, biological, and cultural features of the Quilceda and
_Allen Creek basins. The management plan is scheduled to be completed in early 1998,

Pilchuck River

Discharging to the Snohomish River at river mile (RM) 13.5, the Pilchuck River originates in the
western slopes of the cascades and drains about 130 square miles of land. The Pilchuck River
flows westward to the town of Granite Falls. From Granite Falls the river bends southward to its
confluence with the Snohomish River just to the southeast of the city of Snohomish (see basin
map in Appendix C). The average annual discharge is 364 cfs, making the Pilchuck River the
largest tributary to the lower Snohomish River. The upper Pilchuck River watershed, above
Granite Falls, drains a deep narrow trough in the upland forest of the western cascades. The
river’s flow response to rainfall can be very rapid. The upper Pilchuck River above the
Snohomish Waterworks Dam (RM 26.8 to headwaters, WA-07-1040) is classified AA,
“extraordinary,” while the remaining lower river (WA-07-1030) is Class A, “excellent.”

Approximately 39 miles in length the Pilchuck River basin drains roughly 130 square miles of land
surface. Generally, available literature divides the Pilchuck River basin into two reaches: the
lower Pilchuck River which starts at the confluence with the Snohomish River to about RM 8.4,
at the OK Mill Road Bridge crossing, and the upper Pilchuck River from RM 8.4 to the
headwaters. The lower Pilchuck River drains about 15.3 square miles of land, or 11.8% of the
basin. There is little available information on the upper watershed. The majority of information is
on the lower river and its tributaries.
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Historically, the Pilchuck River has had a good riparian buffer. Low density residential
development and small hobby farms dominate the land use in the basin. Reportedly, the Pilchuck
River basin has had a decrease in commercial farms and an increase in hobby farms (Thornburgh
Cetal, 1991).

A Pilchuck River Reconnaissance Survey conducted by Snohomish County in 1993 documented
water quality concerns in tributaries to the river. Machias, Centennial, Bunk Foss, Scott, and
Sextant Creek in the lower basin were found to have good water quality but noted pollution
concerns at numerous road crossings throughout the basin. Foam and suds in the streams and
animal waste adjacent to the streams were commonly observed. The source of the problems
appeared to be livestock access to the stream, inadequate pasture management, onsite sewage
disposal systems, and fertilizer application. Livestock access was considered a particular problem
evidenced by animals in or near the streams, lack of streamside vegetation, and eroded
streambanks (Snohomish County Reconnaissance, Report 4).

The Ecology 305(b) report lists the Pilchuck River as a threatened waterbody due to potential
impacts from further development. Contaminants of concern are sediment and bacteria. There
are no historical water quality data available on the upper Pilchuck River. Appendix A contains
graphs of data collected on the Pilchuck River at Ecology’s ambient monitoring station (07B055)
near the City of Snohomish from October 1981 to October 1996 (data were not collected from
November 1993 to September 1995).

Little Pilchuck (Catherine) Creek

Little Pilchuck Creek enters the Pilchuck River at RM 8.5. The confluence of Little Pilchuck
Creek is generally considered the basin divider for the upper and lower Pilchuck River. Little
Pilchuck Creek is roughly 11.7 miles in length and covers approximately 33.6 square miles of
land, which is about 26% of the Pilchuck River basin. Little Pilchuck Creek has two major
tributaries, Catherine Creek and Star Creek. Catherine Creek is about 5.3 miles in length and has
roughly 14.1 square miles of land draining to Little Pilchuck Creek.

The Little Pilchuck Creek basin starts in scrub and forested wetlands south of 156th Street NE
and east of 107th Ave NE, roughly at an elevation of 500 feet. The majority of timber in the
headwater areas has been logged in the last twenty years. The Little Pilchuck Creek basin still has
extensive wetlands and the riparian corridor has cover of mixed conifers, deciduous trees, and
brush. An estimated wetland area of between 2800 and 3500 acres (13 to 16% of the watershed)
is within the Little Pilchuck Creek drainage. North of Highway 92 land use is mixed forested
areas, wetlands, rural residential, hobby farms, and pasture. South of Highway 92 land use is
medium density residential and commercial around the City of Lake Stevens and Lake Stevens.
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About 5% of the watershed is within the cit.y of Lake Stevens. Completion of Highway 2 trestle
across the Snohomish floodplain and improvements to Highway 204, 9, and 92 make the Little
Pilchuck basin attractive to the Everett housing market (Snohomish County Reconnaissance,
Report 3).

Most of the lower portion of the Catherine Creek subbasin is in the proposed city of Lake Stevens
urban growth area, with the rest of the Little Pilchuck Creek drainage designated medium density
rural residential, with a density ranging from one dwelling unit per 2.3 to 5 acres (Snohomish
County Reconnaissance, Report 3).

Although there are no water quality data available for Little Pilchuck and Catherine Creek,
isolated pollution problems were seen at numerous road crossings throughout the Little Pilchuck
Creek basin. Foam and suds in the streams and animal waste adjacent to the stream were
commonly observed. The source of the problems appeared to be livestock access to the stream,
inadequate pasture management, onsite sewage disposal systems, and fertilizer apphication.
Livestock access was considered a particular problem evidenced by presence of animals in or near
the streams, lack of streamside vegetation, and eroded streambanks. The county noted seven sites
with serious water quality problems from nonpoint sources in the Little Pilchuck Creek basin. Six
of the seven locations were livestock access and channel degradation, while the seventh was
thought to be from a failed septic system (Snohomish County Reconnaissance, Report 3).

Dubuque Creek

Dubuque Creek is a tributary to the Pilchuck River located northeast of the city of Snohomish and
southeast of Lake Stevens. Joining the river at approximately RM 8.5, the confluence of
Dubuque Creek (and Little Pilchuck Creek) is generally considered the basin divider for the upper
and lower Pilchuck River. Dubuque Creek has one major tributary - Panther Creek. The
Dubuque Creek watershed covers approximately 13.3 square miles of land, which is about 10% of
the Pilchuck River basin. Dubuque Creek drains about 7.2 square miles and Panther Creek about
6.1 square miles of land.

The Dubuque Creek portion of the basin flows in a north to south direction while the Panther
Creek subbasin originates in the three lakes area and flows from the south to the north. The two
merge a quarter mile before discharging to the Pilchuck River.

The basin is mostly forested with low density rural residential and hobby farms, and no major
urban centers. Small amounts of concentrated residential and urban development occur around

the Three Lakes area and confluence with the Pilchuck River.

There are no historical water quality data available for Dubuque Creek or Panther Creek.
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French Creek

The French Creek watershed is about 28 square miles. French Creek is a Class A waterbody
draining a portion of south central Snohomish County, north of Monroe and southeast of the city
of Snohomish, some of which is part of the Snohomish River floodplain (see basin map in
Appendix C). This right bank tributary to the Snohomish River is approximately 11 miles in
Jength and includes about 27.5 square miles of land surface. Discharge of French Creek to the
Snohomish River at about RM 15 is controlled by a pumping station (maintained by U. S.
Department of Agriculture). Major subdrainages discharging into the French Creek basin include:
Golf Course Creek, Stables Creek, Cripple Creek, Spada Creek, Lords Hill Tributaries, and Chain
Lake Creek. ‘

The French Creek watershed has two distinct characters. The lower portion of the drainage flows
through the flat Snohomish River floodplain. It has been straightened and channelized by
agriculture. The agricultural practices and lack of stream buffers along the lower reaches of the
creek are causing water quality problems. The upper three-quarters of the French Creek
watershed, above the Snohomish River floodplain, flow over gentle, largely forested slopes.

Rural development in the upper watershed has more recently become significant, increasing runoff
from land clearing and residential development activities. -

The land uses in the upper reaches of the drainage are primarily a mix of residential development,
hobby farms and pastures, forested areas, and several commercial equestrian centers. The lower
reaches, in the floodplain area, are dominated by commercial agriculture and dairies. The National
Wetlands Inventory identified from aerial photos 246 separate wetlands totaling 1,218 acres of
wetlands in the basin. Many forested wetlands are missed by this method of inventory. Estimates
of 2,400 to 3,000 acres are considered more realistic, or about 14% to 17% of the total French
Creek watershed (Snohomish County Reconnaissance, Report 1).

A number of water quality studies have identified problems in the French Creek basin. Violations
of fecal coliform and dissolved oxygen standards have been reported (Thornburgh ef al., 1991).
Turbidity and nutrient levels are high (Thornburgh ez al, 1991; Cusimano, 1995). High
concentrations of total organic carbon (8-10 mg/L), BOD (6 mg/L carbonaceous BOD), and low
dissolved oxygen (<5 mg/L) have also been reported (Cusimano, 1995). Loading of oxygen-
depleting substances and low dissolved oxygen water to the Snohomish River from French Creek
have been estimated to be lowering dissolved oxygen concentrations in the river under critical
summer low flow conditions (Cusimano, 1995, 1997). These monitoring results indicate French
Creek is impaired and not suitable for primary contact recreation, secondary contact recreation,
salmonid and other fish spawning, migration, rearing, and harvesting (Ecology, 1994).

As part of the WAC 400-12 local watershed planning and management program, Snohomish
County is currently in the process of finalizing a watershed characterization for the French Creek
drainage, similar to the one completed in Quilceda and Allen Creeks. A draft watershed
characterization report was completed in April 1997 (Carroll and Thornburgh, 1997). A
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management plan for the drainage is being prepared and the watershed management committee
will be developing recommendations for controlling nonpoint pollution.

The Marshland

Located southeast of Everett and southwest of the city of Snohomish, the Marshland drainage
consists of a number of small Class A creeks which enter the Marshland, which is a channelized
irrigation and drainage ditch system (see basin map in Appendix C). This drainage network and
tributaries include about 24 square miles of land, primarily within the Snohomish River floodplain.
The streams that drain to the Marshland originate in the residential areas of the ridge creating the
. south and west boundary of the floodplain. Some of the named tributary streams included in the
Marshland drainage are: Wood Creek, Larimer Creek, Thomas Creek, and Garden Creek.

Resembling in many ways the French Creek drainage, the lowland portion of the Marshland
watershed is in the floodplain of the Snohomish River where land use is dominated by commercial
agriculture. The hillslopes above the Marshland agricultural area, where tributary streams
originate, are primarily residential. After flowing through the commercial agricultural land, the
Marshland discharge to the Snohomish River is controlled by a pumping station (maintained by
the Snohomish County Diking District). Also, like French Creek, agricultural practices and no
stream buffers along the channelized portion of the creek are causing water quality problems in
the drainage. The Marshland is not classified as a waterbody of the State, but as a tributary to the
Snohomish River, its water quality should meet Class A criteria.

A number of studies have identified water quality problems in the Marshland drainage. The
Marshland tributaries have been found to violate copper and lead standards (i.e., the pre-1992
total recoverable standards) and have high sediment, fecal coliform, and nutrient concentrations
(Thornburgh et al., 1991). Dissolved oxygen concentrations of less than 2.5 mg/L have been
measured in the drainage near the pump station (Cusimano, 1995). High turbidity levels have also
been measured in the main drainage (Thornburgh e al., 1991, Cusimano, 1995). Also, like
French Creek, loading of oxygen-depleting substances and low dissolved oxygen water to the
Snohomish River from the Marshland have been estimated to be lowering dissolved oxygen
concentrations in the river under critical summer low flow conditions (Cusimano, 1995).

Woods Creek

Woods Creek is a large Class A tributary to the lower Skykomish River. Draining about

62 square miles of land, Woods Creek flows from the north around Lake Roesiger to the south,
entering the river near the city of Monroe (see basin map in Appendix C). Land use in the lJower
portion of the creek is mostly residential (around the city of Monroe) and rural residential with

~ some small scale non-commercial farms and several equestrian centers. Land use in the upper
portion of the drainage is low-density rural residential and forest (and some tree farms).
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Previous studies have identified water quality problems in the middle to lower watershed. Fecal
coliform concentrations consistently violate water quality criteria throughout the year
(Thornburgh et al., 1991; Cusimano, 1995). The creek carries high levels of sediment during
storm events (Thornburgh ef al. 1991). Woods Creek also has high nutrient and total organic
carbon concentrations and appears to be eutrophic based on chiorophyll @ measurements of
7-14 pg/L taken during the summer (Cusimano, 1995).

Impaired uses of Woods Creek are primary contact recreation, secondary contact recreation, and
- salmonid spawning (Ecology, 1994). Probable sources of contaminants are agriculture, pasture
land, animal holding, tree harvesting, forest management, road construction, channelization,
removal of riparian vegetation, and streambank modification (Thornburgh, 1993).
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Study Objectives
Objectives for the study include:

1. Evaluate the quality of existing water quality data on Quilceda Creek, Allen Creek, French
Creek, Woods Creek, Marshland drainage, and the Pilchuck River for use in assessment of the
condition of these drainages with emphasis on 303(d) listed parameters.

2. Conduct wet and dry season water quality sampling investigations to supplement existing data
on the Pilchuck River, Woods Creek, and the Marshland.

3. Conduct a summer low flow water quality sampling investigation of French Creek and the
Marshland to assess dissolved oxygen concentrations in these systems.

4. Provide Snohomish County with baseline water quality data from the Pilchuck River, the
Marshland, and Woods Creek for evaluation and possible ranking under the Chapter 400-12
WAC process.
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Methods

Study Design

There were two major parts to the design of this project: 1) acquiring and assessing Snohomish
County's existing water quality data for the study drainages, and 2) collecting additional water
quality data. A list of Snohomish County's long-term and intensive sampling sites in the study
drainages is in Appendix B. Maps of the individual drainages with Snohomish County sampling
sites annotated are in Appendix C. Water quality data for these sampling sites, collected from
November 1992 to April 1996 by Snohomish County, were provided to Ecology by Kathy
Thornburgh, Snohomish County, Surface Water Management Division.

Additional water quality data were collected by Ecology on French Creek, Woods Creek, the
Pilchuck River, and the Marshland to supplement Snohomish County’s existing data. Samples
were collected on Woods Creek, Marshland, and the Pilchuck River bi-weekly from February 13
to April 9 (wet season) and July 23 to September 24 (dry season), 1996 at the sampling sites
listed in Appendix B under "Ecology Water Quality Monitoring Sites." These sites are also
annotated on the maps in Appendix C. Two of the Snohomish County sites (pump and fcdd) on
French Creek and two sites on Woods Creek (wemf and wewf) were also sampled by Ecology
during the dry season sampling. The seasonal sampling stations and schedule for field
measurements and sample collection for laboratory analysis are listed in Appendix D.

Data Quality Objectives and Analytical Procedures

Analytical methods and the reporting or precision limits for field measurements and laboratory
analyses conducted during the wet and dry season water quality surveys are listed in Table 2.

Sample Collection and Field Measurement Methods

All water quality samples collected for laboratory analysis were grab samples. The grabs were
collected just below the water surface at wrist depth from the main body of stream flow, except at
the Marshland and French Creek pump stations, where samples were collected from the standing
pool using a telescoping extension rod. Replicate samples were collected at specified sites by
repeating the sampling effort immediately after the first sample was collected. A minimum of one
replicate set, which included all parameters, was collected each survey day.

All samples for laboratory analyses were preserved as specified by Manchester Environmental
Laboratory (MEL) and delivered to MEL within 24 hours of collection. Throughout the study
laboratory analyses were performed within holding times except the February 13 nitrite samples,
which were flagged as estimates in the database. All field and laboratory measurements, target
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detection limits, and methods are listed in Table 2 and were performed in accordance with MEL
(1994). Field sampling and measurement protocols followed those specified in WAS (1993) for
temperature (alcohol and mercury thermometer), pH (Orion Model 250A meter and Triode pH
electrode), conductivity (Beckman Model RB-5), dissolved oxygen (Winkler titration), and
stream flow (Marsh-McBimey 201 and 2000).

The only USGS gaging station currently active in the study streams was located in the lower
Pilchuck River near Snohomish (USGS Station #12155300). Discharge information for other
study streams was unavailable. Flow measurements were collected at some of Ecology’s stream
sites in the study and are included in the data set listed in Appendix E. All discharge measurement
protocols followed those described in WAS (1993).

Quality Control Procedures

Snohomish County data were collected, analyzed, and reported according to their ambient water
quality monitoring program QAPP, which was reviewed and approved by Ecology (Thornburgh
and Leif, 1992). Ecology data were reported by MEL as usable with data qualifiers noted.

Total variation for field sampling and laboratory analysis were assessed by collecting replicate
samples. Approximately 10% of the total number of laboratory samples per parameter were

replicate samples. Ten percent of the field measurements (pH, temperature, conductivity,
dissolved oxygen and flow) were also replicated. Replicate precision for chemistry parameters
was estimated by calculating the root mean square error of the coefficient of variation of the
replicate pairs. The results are listed in Table 3. The replicate precision for Snohomish County
nitrite-nitrate and total suspended solids data appear to be high relative to the Ecology data and
historical precision found in other projects.

A laboratory comparability study was conducted on March 27 to assess the relative bias and
comparability of Snohomish County and Ecology field and laboratory data. Ecology and
Snohomish County sampling teams split samples collected at eight of the County’s French Creek
sample sites. Samples were analyzed by their respective laboratories for fecal coliform, nitrate-
nitrite, total phosphorus, and total suspended solids. Field parameters for split sample
comparisons included conductivity, dissolved oxygen, and temperature. Fecal coliform and
conductivity data were found to be significantly different (paired t-test, oc = 0.05). Snohomish
County data were higher for these two variables. The data are presented in this report as either
Ecology or Snohomish County data.
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Data Assessment Procedures

Laboratory data reduction, review, and reporting followed procedures outlined in MEL's Users
Manual (MEL 1994). All water quality data were entered into an Excel spreadsheet software
program. Data were verified by reviewing 100% of the data after entry for errors. Snohomish
County Data were transferred to Ecology in an electronic format (also EXCEL spreadsheet
format).

Data analysis includes evaluation of data distribution characteristics and, when necessary,
appropriate distribution transformations. Estimation of univariate statistical parameters and
graphical presentation of the data (box plots, time series, regressions) were made using
SYSTAT/SYGRAPH computer software.
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Water Quality Data Results

The following is a summary of water quality data collected by Snohomish County and Ecology.
Appendix E contains the County and Ecology data (separated by wet and dry seasons). In order
to better show temporal and spatial differences, and to define seasonal allocation targets, the data
were separated into dry (May-October) and wet (November-April) seasons. The seasons were
established by simply grouping the highest and lowest 6 contiguous months average flows from
the Pilchuck River USGS station near the City of Snohomish. It was assumed that the Pilchuck
River flows would be representative of the seasonal changes in flows in the other basins.

Figures 2-15 show box plots of water quality variable concentrations by sampling station for both
- wet and dry season for the Ecology data. (Each box represents the interquartile range or the 50%
of the data between the 25th and 75th percentiles; the line in the box is the median; the end of the
whiskers are the minimum and maximum data point within 1.5 times the interquartile range; an
«*» ic an outhier between 1.5 and 3 times the interquartile range; and a “o” is an outlier greater
than 3 times the interquartile range.) Figures 16-23 show box plots of water quality variable
concentrations by sampling station for both wet and dry season for Snohomish County data. The
data summarized in the figures are of three different types. The Snohomish County data are either
monthly data collected for multiple years or biweekly data collected for approximately one year,
whereas Ecology’s data are seasonal data collected only in 1996. Each type of data is
summarized based on the sampling site and can be determined by referencing the description of
the sampling sites listed in Appendix B. When reviewing the figures, background concentrations
(or the concentrations likely to exist without excessive nonpoint pollution) for each variable in all
the drainages can be assumed to be approximately equal to those values measured at Ecology’s
sampling site PRUP on the Pilchuck River and WCUP on Woods Creek. The following is a
summary of the major water quality variables. Snohomish County data for 1992-1995 have been
summarized in more detail by Thornburgh (1996). '

Fecal Coliform

The data indicate regular exceedences of the state water quality standard of 100 colonies/100 mL
at most sampling stations in the study basins during both wet and dry seasons (Figures 2 and 16).
All sampling stations, except the upstream Ecology station on Woods Creek, had exceedences
during the dry season, with most median vatues greater than the standard.

Temperature

The state water quality standards require Class A streams to maintain temperatures below 18°C.
All of the study basins are below the criterion during the wet season. Most of the temperature
exceedences occurred in the French Creek and Marshland drainages, which are impounded at
their lower end (Figures 3 and 17). :
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Dissolved Oxygen

The data indicate that dissolved oxygen concentrations in the French Creek and the Marshland
drainages violate the criterion of 8 mg/L and are extremely low during the dry season (Figures 4
and 18). In addition, Allen Creek has oxygen concentrations below the criteria. The dissolved
oxygen concentration in parts of these drainages during the dry season are at acute lethal levels
for salmonids and are likely toxic to other aquatic life such as species of insects found in salmonid
habitats (EPA, 1987).

One of the objectives of this study was to conduct an investigation of French Creek and the.
Marshland to assess dissolved oxygen concentrations in these systems. However, additional data
were not collected because the causes of low dissolved oxygen in these systems is likely due to -
the high loading of oxygen-depleting organic substances as reflected in the nitrogen '
concentrations found in this survey, and the nitrogen, total organic carbon, and BOD levels found
in previous surveys (Cusimano, 1995). The dissolved oxygen concentrations are probably also
reduced by the impoundment of the waterbodies by the pumping stations.

The impact of discharge from the Marshland and French Creek on dissolved oxygen
concentrations in the Snohmish River under summer low river flow was reviewed in the
Snohomish River Estuary Dry Season TMDL Study - Phase II report (Cusimano, 1997). In the
report, the daily average discharge (16.2 cfs from each system) was assumed to represent the
controlled pumping rate for the two discharges. However, the actual average daily discharge
period during the summer is about 8 hours per day (about 49 cfs for an 8 hour period). ‘
Therefore, it is possible that the impact of these discharges to the Snohomish River could be three
times those estimated to occur in the TMDL report. '

Nitrite/Nitrate

Nitrite/Nitrate are the products of nitrification/denitrification. High levels of these constituents,
indicate that organic material is being loaded to the water and that the oxygen consumption
associated with the decay of organic material has occurred. Concentrations of nitrite/nitrate are
usually less than 1 mg/L in most surface waters. Most of the sampling sites exceed 1 mg/L in the
wet season and many exceed it in the dry season (Figures 6 and 19). Allen Creek had the highest
concentrations. |

Nitrite is usually only found in minute quantities in surface waters, because it is unstable in the
presence of oxygen. The presence of nitrites in surface waters indicates active biological
processes influenced by organic pollution. The nitrite data collected by Ecology (Figure 5)
suggest that French Creek and the Marshland are receiving high levels of organic pollution.
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Ammonia

In non-polluted waters, ammonia concentrations should be less than 0.1 mg/L and often below
0.01 mg/L. Although Snohomish County did not measure this potentially toxic constituent,
Ecology data suggest that concentrations in French Creek and the Marshland are potentially toxic.
During the summer, high ammonia levels in French Creek and the Marshland are likely depressing
dissolved oxygen levels by 3-4 mg/L. Again, the ammonia data suggest that these drainages are
receiving high levels of organic pollution.

Other Variables

In general, the other variables presented in the figures are consistent with those reported above
and show that the study drainages are receiving nonpoint pollution. For example, the chlorophyll
data presented in Figure 15 show that French Creek and the Marshland are eutrophic.
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Nonpoint TMDLs

The Clean Water Act (CWA) Section 303(d) requires states to effect pollution controls on
waterbody segments where technology-based controls are insufficient to reach water quality
standards. To meet this requirement, a total daily maximum load (TMDL) must be established for
each pollutant violating water quality criteria. The TMDL is the sum of point and nonpoint
sources as wasteload (WLA) and load allocations (LA), respectively. Allocations are
implemented through NPDES permits, grant projects, and nonpoint source controls. Thus, the
TMDL process helps bring problem waterbodies into compliance with water quality standards.

The TMDL evaluation uses monitoring data and models to estimate pollutant loads that a
waterbody can receive and still meet water quality standards. EPA’s regulations [40 CFR
130.2(1)] state that .. TMDLs can be expressed in terms of either mass per time, toxicity or
other appropriate measure...” EPA specified other appropriate measures as a key concept for
establishing nonpoint pollutant source controls. In this TMDL analysis, concentration-based
nonpoint TMDLs and LAs for fecal coliform are proposed, such that the state water quality
standard can be met at all sampling locations.

Where a large nonpoint source component is included in the TMDL (as in the Snohomish River
Tributary drainages) or where data contain a high degree of uncertainty, a phased TMDL
approach is appropriate (EPA, 1991). The LAs under a phased TMDL are refined as specific
nonpoint problems undergo control measures, and as additional data are obtained. Ecology has
established the key steps of a phased TMDL as follows:

Define the beneficial uses affected

Determine the factors/causes

Determine the targets and priorities

Develop the pollution controls and identify resources
Monitor the results

Adjust the controls

Involve the public

I el

In addressing the TMDL steps, the role of WAS is to determine the targets and priorities.

Targets and Priorities

The following targets and priorities for water quality improvements are based on Washington
State’s numeric standards for fecal coliform. The data reviewed in this report support the 303(d)
listings presented in the problem statement for fecal coliform and dissolved oxygen. It is likely
that water quality problems found in Quilceda, Allen, French, and Woods Creeks, the Marshland,
and the Pilchuck River are related to land use and stream corridor issues. It is also likely that
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targeting fecal coliform for control will help manage other water quality issues as control
measures are implemented in the drainages. :

The fecal coliform concentration-based nonpoint TMDLs for each basin is simply the Freshwater
Class A fecal coliform standard (WAC 173-201A-030-2):

Fecal coliform organism levels shall not exceed a geometric mean (GM) value of
100 colonies/100 mL and not have more than 10 percent of all samples obtained
for calculating the geometric mean value exceeding 200 colonies/100 mL.

To meet the TMDL, concentration-based 1.As were established for all monitoring stations in the
drainages. Tables 4 and S list the dry and wet season levels for both the geometric means and
90th percentiles for each site estimated from either Snohomish County or Ecology data. Tables 4.
and 5 also list the geometric mean and percent reduction required to meet the standard at each
site for both parts of the criteria. The percent reductions required by each part of the criteria
were then compared, and the most restrictive criterion was used to establish the recommended
target level, or LA. The allocations and percent reductions were calculated as follows:

1. Partition monthly data into wet and dry season.

2. Calculate the GM of the data for each of the major mainstem and subbasin sampling sites for
each season in each drainage.

3. Determine the (log) distribution statistics for each season at each site and calculate the 90th
percentile based on the mean, standard deviation, and Z-score. Adjust the distribution such
that no more than 10% of the values exceed 200 colonies/100 mL. Then calculate the GM of
the adjusted data. If the adjusted GM for a site is <100 colonies/100 mL, it will be the site

‘LA. Ifthe GM is >100 colonies/100 mL, the LA will then be 100 colonies/100 ml..

4, Determine the percent reduction required to meet the site specific LAs (using log data).

In summary, the fecal coliform TMDL is simply the concentration-based freshwater Class A water
criteria. Load allocations are the site-specific geometric means needed to meet both parts of the
water quality criteria, These site-specific LAs can be used as control points to monitor the
success of management measures taken in the subbasins or along the mainstem of the drainages.

The target GMs for sites that were sampled by both Ecology and Snohomish County are similar.
For example, the target GMs for stations WCMF and WCWF are 56 and 61 colonies/100 mL for
Snohomish County data, and 56 and 77 colonies/100 mL for Ecology data.
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Conclusions and Recommendations

Both historical and current water quality data support the 303(d) listing of fecal coliform as

one of the most significant water quality problems in Quilceda, Allen, French, and Woods

Creeks, and the Pilchuck River. In addition, fecal coliform concentrations are also high in the
- Marshland, a waterbody not listed in the 303(d) list.

Both historical and current water quality data support the 303(d) listing of lower French
~ Creek for temperature. Temperatures were also found to exceed the criterion in the lower
reach of Woods Creek and the Marshland.

Overall, the data presented suggest that the water quality in all of the study basins is being
adversely impacted by nonpoint pollution. The data also show that French Creek and the
Marshland have the poorest water quality of the study basins. Poor water quality in these
waterbodies is likely exacerbated by impoundment caused by the pump stations controlling
discharge to the Snohomish River.

Using data collected by Snohomish County and Ecology, phased TMDLSs are recommended

" for fecal coliform in all of the study basins to help control nonpoint source pollution.
Allocations for fecal coliform are based on meeting the water quality standard at site-specific
control points (sampling sites) within each drainage during both wet (November-April) and
dry (May-October) seasons. Implementing control measures for fecal coliform will likely
mitigate other water quality concerns in the basins, such as high nutrient levels and low
dissolved oxygen. A temperature TMDL should be developed for the lower portion of French
Creek after the watershed characterization study is completed.

Currently, Quilceda Creek, Allen Creek, the Marshland, and French Creek are ranked under
the Puget Sound Water Quality Management Plan. Snohomish County has completed a
watershed characterization and management plan for Quilceda and Allen Creek drainages,
which includes recommendations for mitigating poflution. The county is currently working on
characterizing and preparing a management plan for French Creek. The management plans
and recommendations for these drainages should be implemented and activities related to
mitigating nonpoint pollution in these drainages supported.

Follow-up monitoring is needed to evaluate the effectiveness of pollution control measures or
to document further degradation of water quality. Snohomish County’s ambient monitoring
program should be supported in this endeavor. However, the County’s sample collection,
analysis, and data entry procedures should be reviewed to improve replicate precision for
nitrite-nitrate and total suspended solids analyses. ‘

The impact of discharges from the Marshiand and French Creek on dissolved oxygen
concentrations in the Snohomish River should be reviewed as part of the planned TMDL for
the river. ‘
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Figure 5. Ecology's Snohomish River tributary survey wet and dry season nitrite data.
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Figure 6. Ecology's Snohomish River tributary survey wet and dry season
nitrite+nitrate data.
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Figure 9. Ecology's Snohomish River tributary survey wet and dry season ortho
phosphate data.
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Figure 10. Ecology's Snohomish River tributary survey wet and dry season total
phosphorus data. :
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Figure 11. Ecology's Snohomish River tributary survey wet and dry season total suspended
solids data.
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Figure 2. Ecology's Snohomish River tributary survey wet and dry season turbidity data.
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Figure 13. Ecology's Smohomish River tributary survey wet and dry season
conductivity data.
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" Figure 14. Ecology's Snohomish River tributary survey wet and dry season clorides data.
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Figure 15. Ecology's Snohomish River tributary survey dry season chlorophyll a and
pheophyton data, T
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Figure 16. Snohomish County wet and dry season fecal coliform data; dashed line denotes
water quality standard of a geometric mean not to exceed 100 colonies/100 mL.
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Figure 17. Snohomish County wet and dry season temperature data; dashed line denotes
water quality standard of 18 degrees C. '
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Figure 18. Snohomish County wet and dry season dissolved oxygen data; dashed line denotes
Class A standard of 8 mg/L.
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Figure 19. Snohomish County wet and dry season nitrite+nitrate data.
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Figure 20. Snohomish County wet and dry season total phosphorus data.
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Figure 21. Snohomish County wet and dry season total suspended solids data.
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Figure 22. Snohomish County wet and dry season conductivity data.
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Figure 23. Snohomish County wet and dry season hardness data.
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Table 1. 1994 '303(d) List for Quilceda Creek, Allen Creek, French Creek, Woods Creek, and

the Pilchuck River.

Waterbody Wat‘erbody Name* Fecal Temperature Dissolved
Segment Coliform Oxygen
Number

‘'WA-07-1012 | Quilceda Creek X X
WA-07-1015 Allen Creek X X |
WA-07-1052 French Creek X X
WA-07-1163 Woods Creek X
WA-07-1030 Pilchuck River X X
WA-07-1040 Piichuck River X

* The Marshland drainage is not listed.
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~ Table 2. Summary of field and laboratory measurements, precision or reporting limits, and

methods.
Parameter (all measurements are of | Precision Limit (for field Method'
water except where sediment is I measurements and turbidity) or
indicated) Reporting Limit (all others)
Field Measufements
Velocity 0.05 ffs Current Meter
pH 0.1 SU Field Meter/Electrode
Temperatare 0.20C Alcoho! Thermometer
Dissolved Oxygen 0.06 mg/L. Gas Probe/Winkler Titration
Specific Conductivity 20 pmhos/cm Field Meter/Conductivity Bridge
General Chemistry
Fecal coliform lefu/100 mL SM 18 Membrane Filter 9222D
Total suspended solids 1 mg/L EPA 160.2
Armmonia nitrogen 0.01 mg/L. - EPA 350.1
Nitrate -+ nitrite nitrogen 0.01 mg/L EPA 353.2
Total persulfate nitrogen 0.01 mg/L. SM 4500 NO3-F Modified
Orthophosphate 0.01 mg/L EPA 365.3
Total phosphorus 0.01 mg/L EPA 3653
Chloride 0.1 mg/L, EPA 300.0°
Turbidity 1 NTU EPA 180.1 -
Hardness 1 mg/L EPA 130.2
Chlorophyll 0.05 pg/L

SM 10200H(3), Fluorometer

For method reference see MEL 1994,

* Dry season only
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Table 3. Field replicate pooled precision estimates.

Parameter

Root Mean Square of the
Coefficient of Variation (%)

Ecology Snohomish County

Fecal Coliform 23 25
Nitrite-Nitrate 1 17
"Total Phosphorus 21 28
Total Suspended Solids 9 55
Conductivity 1 2
pH <1 <1
Hardness )
Temperature <]

Dissolved Oxygen 3

Ammonia 6

Nitrite - 1

Ortho-phosphate 5

‘Total Persulfate Nitrogen 13

Turbidity 9

Chloride <1

Chlorophyll a 8

Pheophyton 3
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Appendix A
Ambient Monitoring Data from

Ecology’s Station 07B0bb
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Appendix B

- Water Qualify Monitoring Sites



SNOHOMISH COUNTY

SURFACE WATER MANAGEMENT
WATER QUALITY MONITORING SITES
SNOHOMISH BASIN

Long-term monitoring sites sampled monthly, beginning in May 1992
Quilceda Creek

gclu- Quilceda Creek upstream at 67th Ave. NE and 172nd St. NE. Sample south of 172nd
upstream of culvert by railroad tracks.

qcld- Quiiceda Creek downstream at bridge at 88th St. NE. Sample upstream of bridge.

Allen Creek

aclu-  Allen Creek upstream at 67th Ave. NE and 112th St. NE. Sample downstream of culvert and
upstream of small tributary that comes in along 112th.

acld- Allen Creek downstream at 3rd St. in Marysville by pumping station. Sample south side
of road, walk past vegetation into main flow to collect samples.

Long-term Monitoring Sites sampled monthly, beginning in September 1993

Woods Creek

wemf- Woods Creek main fork at York horse farm on Yeager Road. Sample at covered bridge
above confluence with west fork.

wewf- Woods Creek west fork at the second bridge past York farm on Yeager Road at 13421
‘ Yeager. Sample upstream of bridge.
~ French Creek

fclu- French Creek upstream at 167th Ave. south of Westwick Road. Park at Grange, sample
below fish ladder.

feld- French Creek downsiream at Highway 2, second bridge east of Roosevelt Rd. Sample
upstream of bridge, access from NE corner of bridge.



Quilceda and Allen Creeks assessment sites sampled 20 times from May 1993 - April 1994.
Allen Creek

acms- Allen Creek main stem, Grove Sts. between 51st and 59th Ave. NE. Sample on south
side.

acme- Allen Creek at Munson Creek, Grove St. between 60th and 67th Ave. NE. Sample on
south side. ‘ :

acnf- Allen Creek north fork, 67th Ave. NE, north of 88th St. NE, access through Doleshel
Tree Farm, west side of 67th. Sample creek behind barn.

acsf- Allen Creek: séﬁth fork, 67th Ave NE, north of 88th St. NE, access through Karl Kfoster
property across from tree farm on east side of 67th. _
Quilceda Creek

qems- Quilceda Creek main stem, Smoky Point Blvd. at 100th St. NE at El Toro Restaurant.
: Sample from south side of creek.

qewf- Quilceda Creek west fork, 128th St. NE at bridge. Sample from south side of bridge.
gemf- Quilceda Creek middle fork, 12300 51st Ave NE.

qcef- Quilceda Creek east fork, culvert on 56th Ave. NE, south of 132nd NE.

geus- Quilceda Creek upper site, 136th St. NE, between Smoky Point Blvd and raiiroad tracks.

Sample on south side of 136th.

French Creek assessment sites in the upper watershed, sampled 20 times from May 1994 through
April 1995,

stus- Upper Stables Creek on 93rd St. SE at dead end. |

“stls-  Lower Stables Creek on Westwick Road, west of 167th Awve, park at Grange. Sample’
upstream at 4' x 4' box culvert.

spils» Upper Spada Creek, sample at crossing on Storm Lake Rd, just north of intersection of Spada
Rd.

spls- Lower Spada Creek on Spada Rd. just west of intersection with Trombley Rd.

ccus- Upper Cripple Creek, Trombley Rd, north of 117th St. SE. Sample downstream of Trombley
at 2 CMP's, \



ccls- Lower Cripple Creek, Robinhood Lane, south of 136th P1 SE.

trus-

Trench Creek at 139th Dr. SE.

fedd- Lower French Creek, Diking District upstream of Bridge 13 on Old Snohomish Monroe

Highway.

French Creek monitoring sites in the lower watershed, samp' led twice monthly beginning in May 1995;
probably will continue until spring 1996, '

French Creek

pump- French Creek mainstem at the pumping station. Access is through the Darlinger Farm on the

hl-

th2-

f13-
f12-

fi1-

Old Snohomish Monroe Highway. Take the farm road back along the dike to the pump
station. Take water samples upstream of the pumnp station on the west side from the
riprap.

Lord's Hill No. 1 on the Old Snohomish Monroe Highway just east of 134th Dr. SE. Park just
past 134th on the right. Sample on the downstream side of the concrete box culvert. Take
water samples farther downstream just below the concrete weir,

Lord's Hill No. 2 on the Old Snohomish Monroe Highway, east of Lord's Hill No. 1 .and west
- of 144th St. SE. Park just past the site on the left near the fire hydrant and barbed wire
fence. Sample downstream of concrete culvert.

Fryelands No. 3, south of the residential development on Fryelands Bivd. Park on the
construction road. Enter the site by the telephone pole and through the barbed wire
fence. Sample below the culvert and confluence of the stream from north.

‘Fryelands No. 2, just north of Wales St. at the south end of the lake on Fryelands Blvd.

Park by the pump house. Sample downstream of the culvert, just north of the pump
~ house. Take water samples at the culvert.

Fryelands No. 1, just south of Highway 2 on Fryelands Blvd. and north of the lake. Park
on the construction road. Sample downstream of the culvert by the old blocked
culvert.

- ech2- Cripple Creek at Highway 2. Park at the piano store across from Fryelands Blvd. Sample

at the upstream end of the concrete box culvert.

fems- Mainstem French Creek at the bridge at Houck farm. Access the farm from Highway 2

across from Roosevelt Rd.



ECOLOGY
WATER QUALITY MONITORING SITES
SNOHOMISH BASIN

Pilchuck River

prdn- The Pilchuck River at the Old Snohomish-Monroe Highway crossing. Sample
downstream from the bridge.

prd.2- Pilchuck River below the Three Lakes Road bridge; RM 4.2, USGS gaging station ID.
12155400.

pr8.6- Pilchuck River at OK Mill Road crossing; RM 8.6. Sample upsiream of OK Mill Road
bridge, above the area of mixing from Dubuque Creek.

prup- Pilchuck River in the upper watershed. Sample downstream (appr. 400 m) of the Robe-
Menzel Road bridge off Skinner Road.

Ipdn- Little Pilchuck Creek above the confluence with Catherine Creek. Go west off North
Machias Road onto 12th St.. Cross over the Centennial Trail. Within 0.1 mile a
bridge crosses the confluence of two creeks. Little Pilchuck Creek is the first of the
two streams. Sample upstream of the bridge. :

cedn- Catherine Creek above the confluence With Little Pilchuck Creek. Go west off North
Machias Road onto 12th St. Cross over the Centennial Trail. Catherine Creek is the
second of the two streams.

dcdn- Dubuque Creek downstream of OK Mill Road crossing. This monitoring site incorporates
the Panther Creek subbasin.

Woods Creek

wedn- Woods Creek at the foot bridge crossing located in Borlin Park; RM 0.1. Ecology AMS
long-term monitoring site, ID. 07F055. USGS gaging station ID. 12141090 is located

approximately 0.4 miles upstream.

wemf- Woods Creek main fork at York horse farm on Yeager Road. Sampled at covered bridge
above confluence with the west fork. A Snohomish County long-term monitoring site.

wewf- Woods Creek west fork at the second bridge past York farm on Yeager Road at 13421
Yeager. Sample upstream of bridge. A Snohomish County long-term monitoring site.

weup Woods Creek mainstem at the second upstream road crossing of Woods Creek Road.
Sample upstream of the bridge.



Marshland

mldn- The Marshland drainage at the pump station by Lowell-Snohomish Road. Sample
upstream of pump station. '

mlup- The Marshland drainage at the Marsh Road crossing. Sample downstream of the bridge.



Appendix C
Study Drainage Maps
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Appendix D
Sampling Schedule
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Appendix E

Snohomish County and Ecology Data



Appendix E.1. Snohomish County dry season amhient water quality data.

Samps Stetion Cond Tewmp e pH F& NO,/NG, TP TS5 HARD
. Data ib {umhesiem} o {mgit) {units} #1100 ml) {mgiL) {myiL} fmgll) {mgiL}
05/11/93 QCEF 138 i2.6 10.2 6.5 540 0.820 2.086 0.5 38
{5/25/83 GQLEF 197 131 94 7.8 2109 0.280 0.110 b3 49
0611493 NLEF 3n 13.2 895 7.6 &0 0.360 0.086 7 5i
06128193 [rig=3 188 12,0 11.0 7.7 882 0.308 120 4 55
07713193 . OCEF 70 12.0 11.% 1.7 5100 9.550 6.120 4 82
67/26/93 QCEF 201 128 ies 75 750 0,370 0.073 8 §3
08/18/93 QCEF 230 131 167 7.8 1830 0.320 0329 2 4]
05/14/93 QLEF 222 19.7 HA 18 5360 0.350 0320 2 1]
08727193 QoEF 362 1.7 104 7.6 370 140 0.150 058 88
10/12{93 QCEF 227 94 106 T4 3i0 42 B.136 1 68
05/11/92 ocLn 36 3.7 105 2.1 274 0.930 9,126 7 6%
06}08/82 acLe 365 44 94 74 330 1.18 0.150 12 B9
Q7108/92 acko 338 14 84 YA 200 0.830 0.180 ki 74
nging: acLg 329 145 84 1.3 polil 0.968 0.687 4 72
04/08/92 54D 297 133 8.0 7.0 963 0,930 G120 1 340
1912192 astn a2 118 6.2 7.3 81 1.10 0,068 0.4 78
65/06/93 acLp 238 1.4 5,0 72. 640 1.26 0.083 ° 8 63
0B{08/93 ocLo 268 11.4 9.7 7.2 40 0.890 0.260 26 Fiil
07167193 AL 340 13.5 it.2 17 240 0.870 0,320 7 78
08104/93 4cin 36 - 15.9 8.8 75 426 (549 G130 HY 76
09/09/93 neLn 14 " 136 g6 1.5 182 1.80 0,150 12 93
10/07/83 ooLb 312 118 84 175 127 1.40 0,154 1 7
05/16/%4 acLn 424 1.3 89 B9 200 1.00 0.050 6 54
06j08/ed QCLE m 137 72 8.7 4900 1.08 0.140 0.5 62
07114194 i C a2 13.6 11.8 7.5 45 0.80¢ G190 B H)
08/94/94 1043 2067 18.1 10.7 78 180 3,660 G.130 5 49
09714194 0eLD 169 12.8 7.0 7.2 360 0.840 6.100 0.5 84
10{14/94 oL 194 10.2 88 7.2 360 0.920 0118 5 [ii:]
05/62795 aclp 1.2 94 8.7 2000 0.870 0.042 30
06/G8/95 acLh 125 95 74 300 1.20 0.083 5
T 0710/95 LD . 14.0 8.9 6.9 426 1.00 0.098 2
08J08{85 neLn 385 12.8 LT 6.8 460 1.10 0.990 4
0920/85 ogLb 52 146 B.G 1.6 . 1.10 0.07% 4
10/02/85 acLn 363 126 70 8.7 673 0.880 0083 4
05j06/96 aci 319 104 18.1 10 kaly 0.7%4 0.085 g
B5194198 gein 355 134 8.0 6.9 380 0.897 k112 7
#7/15/96 agin 462 144 9.2 6.9 290 1.2 o112 4
08/07/96 ooLn 406 12.2 . 6.8 pacii] 1.13 6129 15
09/09/96 acLp A6 12.1 88 6.3 519 1.13 0.082 3
05/11/92 acti 288 9.5 i1.3 79 35 0.990 0.260. 8 73
080892 GrLy 296 1.5 89 7.8 270 0830 0.250 6 )
07106{92 acLy 282 1.7 9.6 7.3 106 G770 0.300 20 i
ggli/e2 oLy 254 12.1 80 1.2 276 8609 0270 8 73
09/08/82 neLu 255 111 46 T4 575 1.00 9,320 16 240
1011482 QeLL 270 103 6.8 69 s 0.640 0,246 2 74
05/65/93 QCLE 135 iG.1 57 1.0 240 0.760 2130 68 33
05/08/93 QoL 244 1.1 149 7.0 36 0.710 0.250 3 87
67197193 aciy 262 1.5 11.2 7.4 52 0,556 0.260 B 81
8/04/83 iinkl] 285 12.8 104 7.6 71 0,550 6.280 4 4
09/09/93 oLy 253 11.9 120 -1.7 589 0.840 (4.270 8 70
1067183 oLy 261 0.8 12.6 74 210 1.8G 0.280 1 67
N&15794 acLy 360 9.8 1.3 72 78 0.630 0.149 1] 53
D6/G8/24 acLy 163 1.2 17 74 bon 0.520 - 0.230) 0.5 81
07/14{94 acLy 163 12.9 321 7.5 420 0400 0.180 4 55
08/04/84 acLy 164 12.2 114 7.8 850 6.340 0.280 05 48
09114/84 oLy 128 1.6 4.3 1.8 o 0460 0.240 2 B%
10/14/54 QCLU 410 94 114 7.3 2369 0.580 0037 33 65



Samps Station Cond Temp no pH F& NO,INO, TP 58 HARD
Date 1D {rrmhosem) e tmgfl) {units} #heoml) {mgll) {mgll) fmgiL} {mplk}
05/032195 acLy 16.0 10.7 72 1982 0.7%0 9,18C 14
06/08/35 acLy 12.8 104 7.6 400 0514 0.278 &
07{19/95 1Al . 13.0 8.8 15 137 0.760 0.260 5
08/69/95 ey 328 114 8.3 7.2 680 6.840 &350 4
08/20/85 QCLE 322 1.9 j66 1.0 - 0.57¢ 0.269 5
10102195 QeLY 275 11.3 9.9 [:%:] 550 0.680 0.210 11
{5/06/96 gLl 208 8.1 115 6.9 47 0.835 8112 5
08/04/96 acLu 274 11.3 10.6 7.3 130 0.837 0,182 1
G7/15i86 acLy 327 12.3 10.8 7.2 B7 0.3 0.258 4
08{07/96 il 336 10.9 12.1 7.1 130 0.707 6.272 1
08{/G9{95 oLy 333 1.4 113 15 380 (684 6.280 3
65/11/83 OCMF 288 1.9 - 83 6.8 98 110 0160 R N
05/26193 QCMF 343 14.1 ] 74 289 1.30 0.130 3 70
061493 GCMF 328 127 8.0 74 470 0.206 0.092 8 45
0528193 QCMF 377 128 H 7.7 G10 1.4 0.150 3 76
7113193 " OCMF M 128 1.1 7.7 427 1.30 0.170 & 84
07/26i93 acwF 335 13.7 1.8 77 A70 1.26 G.120 4 75
08/16/83 QCMF p 131 H 1.6 1620 1.30 0.140 1 81
09/14/83 OCMF 352 115 6.8 1.6 430 1,30 0,130 5 92
© 09127183 DCMF 217 0.0 114 75 1240 0.350 o1 3 61
10/12/93 GOMF 343 HA 11.1 1.3 260 1.20 4.140 0.5 84
65711483 acMs 248 12.9 94 7.7 210 1.20 0.084 1] [i{¢]
05/25793 GEMS 303 14.8 89 18 286 120 0.150 3 89
‘D6{14/93 0GMs 309 13.7 9.0 7.5 480 1.00 (AR 1 85
06/28/83 acms 289 139 103 17 330 1.30 0.129 6 76
0711393 acMs 335 14.0 104 18 09 1.20 0.319 4 H]Q
07/26193 ocms 312 141 10.7 P 320 1.28 0.081 1 69
08{16/93 QCNS 35 138 97 75 240 1.30 9,100 2 icl
39714193 OLMS 3z7 1.7 164 i8 G20 1.30 0.073 1 80
0927193 QCms 328 12.0 114 7.8 210 140 t110 0.5 45
- 1012{93 OCMs At 111 0.0 75 81 140 5,100 123 75
05/11/43 oous 320 121 106 B.3 84 1.80 0.039 40 ac
06/25/93 nous 404 14.3 84 84 159 140 0.048 0.8 89
06/14/93 acus 341 130 1140 17 173 1.58 0834 1 80
06728/93 acus 377 2.7 11.8 7.8 AL . Lz 0.046 7 B8
G7113183 acus 344 147 188 7.8 13 0,600 0.034 [ 16
07128193 ngus 336 13.6 19.8 78 106 1.00 0.039 3 i3]
08/15/93 acus 363 16.7 4.0 78 18 3130 G047 0.5 98
05/11/83 OSWF 245 13.8 8.0 74 144 1.80 0159 1 BG
05/25/03 QCWF 325 13.7 71 B.O 580 0379 0.055 05 76
06/14/93 QCWF 330 13.7 82 15 250 0,740 0.120 3 77
06/28/93 QOWF 367 128 83 74 1730 8.160 0.09% i 83
G7713183 OCWE 362 14.1 84 7.6 1840 0.160 0.053 0.5 94
0726193 acwf 321 13.3 4.0 74 310 0.380 0.648 A 8
08/16/83 DEWF 345 - 143 7.9 7.5 1224 G180 6669 IR :13
09/14/93 QEWF 33t 1.7 Hv 14 o 0,150 0.023 &3 88
39/27193 ACWF 349 12.5 9.4 74 280 0.289 0.048 1 86
10/12/93 GCWF 338 11.6 8.1 75 3106 0.300 0.063 2 87
0513182 ACLD 340 i6.3 38 7.0 172 0776 0,072 1 160
B6708/92 ACLD A8 14.1 1.5 g7 340 {.660 0.110 B it
07{686/92 ACLD 264 154 i 8.5 38 120 0170 3 58
081182 ACLD 297 16.2 G8 - 6.6 220 G250 G150 § 78
09/08/92 ACLE 301 128 1.2 B.5 784 0490 0,109 2 250
10112492 ASLD 304 11.8 A 6.3 12 0.820 0.085 08 75
05/05/93 AC1D 235 122 2. 71 349 1.60 0.068 4 63
06/08/93 ACLD 361 136 35 7.2 16 [iR:H 0.126 3 79
07193 ACLD 318 13.7 33 74 17 140 0,130 [ 85
08{64/93 ACLD 333 16.8 1.0 1 43 100 6270 10 i)
09/69/93 ACLD 310 15.6 1.8 7.2 27 6.830 6,650 49 72
1007183 ACED 308 1286 1.5 B9 470 250 0119 3 76
05/16/94 ACLD 446 12.3 240 [: %) 190 0.93 0.050 k] 59



Sampo Station Cond Temp Do pH 34 NG,INO,; T 88 HARD

. Data D {ranhos]en) ') il {units) 100 mk} [mglt} fglL} {mgiL) {mgiL]
G6{08/94 ACLD 189 14.1 1.1 6.2 366 8,590 0170 0.5 65
07114494 ACLD 198 164 05 6.8 150 0.280 0.330 158 81
08/04/94 ACLD 198 16.8 04 71 140 0,130 6.250 21 51
09it4j94 ACLD 147 13.9 1.0 8.5 12 0.036 0.320 50 79
10134194 ACLE 187 108 1.7 6.8 2600 0.540 0.085 21 67
05/03/95 ASLD - 10,8 3.2 8.4 3800 0.840 0.088 3
06/95195 ACLD oo 12.8 2.1 8.5 i 0.870. 6.083 4
7/18/95 ACLD - 149" 0.6 8.5 1060 0.400 9,180 5
08/09/95 ACLD 353 14.2 8.5 6.2 182 2116 0110
08/20/85 ACLD 355 13.6 0.1 6.2 - {0,005 6.675 6.5
10102795 ACLD 373 126 03 8.5 190 0.340 6,081 24
05/06/96 ACLE 472 14.7 1.3 5.3 33 1.76 0,158 2
. 0BJ04)98 ACLD 361 14.8 6.8 6.5 75 0,685 0.152 2
07/15/98 £8LD 416 62 . 13 6.4 85 1.09 0,132 2
08/97/96 ACLD 379 13.8 . 85 a8 0,755 8.111 1
09{09/96 ACLD 302 9.2 Lo 8,7 81 . 0852 0.098 2
B511/92 ACLU 258 9.7 a7 14 1520 0.320 0.180 11 78
06/08/32 AcLU 250 15,3 22 6.5 200 2006 . G240 13 58
07i06/82 ACLU 258 16.3 53 68 573 0.350 [.250 3 63
08/11/92 AGEL 07 158 4.1 6.8 194 0.270 0.229 8 64
a9/08/92 ACLH 224 127 6.4 6.8 1080 6.740 0.280 8 1290
1012182- ACLY kLY 11.8 £2 6.8 50 G.870 0210 0.5 51
05/06/93 AU 244 $1.0 45 7.1 5400 0.760 6.866 16 72
06108793 ACLU 266 12.7 5.8 75 1860 0.520 9,220 5 73
67/07/93 ACLU 232 1.7 7.8 75 840 0.600 0,240 3 74
08/04/93 ACLU 227 150 5.1 7.3 450 9416 0.290 5 81
08/69/93 ASLU 208 12.7 108 7.7 173 0.480 0,250 3 85
10/07/93 ACLU 203 1.1 " 98 73 410 0.580 0.219 05 61
05/16/92 ACEU 298 19.2 9.0 7.3 200 6420 0119 0.5 47
06/08/94 ACLY 132 124 6.3 7.2 7800 6450 0.300 3 58
07i14)84 Agly 134 13.6 123 74 2800 0.259 0.280 13 48
08194/34 AtLU 136 15.6 74 7.5 710 0.260 4.260 3 35
09{14/94 ACLU 144 1.3 195 7.2 570 0.280 0.270 0.5 57
1014194 ACLU 47 9.3 8.2 73 400 0.390 0.220 7 57
05/02/35 ACLU . 108 9.3 5.6 3800 9,290 6.120 10
06/08/95 ACLU . 18.1 8.3 76 70 0,350 0.230 0.5
07110195 ACLH - 18.2 7.8 FA 117 0.380 0.210 05
08/09/95 AoLy 283 124 7.1 5.8 838 0470 0.200 3
09]20/35 ASLY 355 13.6 . 6.2 . 0.388 0.220 4
10j02/95 ACLU 257 7 74 6.7 |06 0420 0.270 g8
© 05{08{96 ACLU 264 2.9 9.7 5.6 3900 0573 9.1106 7
0B/04/86 ACLY K 13.6 6.3 85 :5] 0,316 0.161 2
07/15/36 ACLU 268 14.5 7.9 B8 430 - 9,391 0.192 pi
08107198 ACLU 276 122 . 6.9 550 0.312 06.155 1
09/09/96 ACEL 278 13.2 8.4 70 2409 1353 0.232 1
95/12/93 ACMC 248 14.1 43 7.3 210 170 0.045 & 83
05/26/33 ACMC 376 13.8 8.3 75 8200 220 0.035 1 94
0815193 ACMS 240 5.4 8.4 74 2100 0,780 0.961 7 75
" 05{28/33 ACMS 373 136 93 7.2 500 1.80 9975 16 83
67112/93 ACME 381 13.6 10.1 7.5 - 1800 2.10 0.033 0.5 100
07{27/93 hEMC 375 15.3 8.2 15 410 1.89 0.042 3 94
08/18/83 “ACMC 364 14.7 84 7.5 750 1.70 0.053 3 95
0513193 ACMC 282 126 2.1 74 10 2.60 0.008 1 1900
092893 ACMC -397 10.8 9.4 74 430 2.80 0,032 0.5 118
1011193 ACMC 371 105 10.7 15 350 2.16 0,031 0.5 93
05712183 AEMS 366 12.7 8.7 74 82 280 0180 4 7z
05/26133 AGMS 327 137 8.7 7.7 288 270 8,130 Z 75
06115793 ACMS B76 135 8.4 - 74 760 2.10 0,236 18 77
06/29/93 ACMS 264 12.8 9.3 7.5 250 .69 0.100 7 94
0712183 ACMS 318 13.2 10,1 7.7 570 320 ¢.150 2 76
07127183 ACMS 321 14.3 10.2 16 358 2.70 6.110 1 70



Sampe Station Cond Temp Do pH 4 NO,NG, TP T88 HARD
Bata in {ermhosiem) {'C} {maft} {units) (41100 rit} Imgfl) fmpil) {mgiL} {mglL}

08n8i93 ACMS 323 14.3 10.8 14 426 2.3 0.180 3 71
09/13/93 ACMS 281 127 101 18 500 256 0,500 3 67
0928/83 ACMS 32 124 108 18 350 2.20 o.11e 65 64
- 1011183 ACMS 287 10.7 11.2 16 230 210 0.100 0.5 85
051292 ALNF 352 12.0 7.7 7.1 64 3.60 0270 5 85
< B5I26/893 ACNF 308 137 12 74 330 2.39 0.290 4 72
06/15/83 ACNF 284 13.3 5.7 1 220 2.80 6433 6 87
06297193 ACNF un7 12.7 5.0 7.2 260 32e DAGD 4 82
07112{93 ACNF 331 13.9 48 1.2 120 3.6 0.390 2 79
6727193 ACNF 394 14.1 4.2 12 67 3.20 0.27¢ 2 88
08l18)s3 ACNF M7 4.3 40 74 240 0.850 0480 k! 72
09/13/92 ACNF 77 11.0 9.2 72 180 1.50 0.083 8 79
03i28/03 ACNF 281 104 114 78 360 1.20 0.240 G5 4
19{11193 ACNF 383 8.2 7.2 74 600 0.820 0.720 ] 96
05{12/93 ACSF 248 128 103 7.6 63 140 0.078 2 80
0528193 ACSF 73 134 6.7 12 100 .06 0.370 i5 67
05/15/83 ACSF 212 13.9 8.1 74 77069 6.660 0.12¢ 33 61
06128183 ACSF 264 132 932 75 650 280 6.176 [ n
J7112/93 ACSF i 136 8.3 12 179 0.540 a.120 1 88
07127193 ACSE 308 14.7 6.2 75 40 0.990 0.085 2 a7
68/18/93 ACSF 301 14.6 78 75 32 0,460 G170 18 g3
08{13/93 ACSF 301 11.3 101 75 210 0.770 0.084 13 80
08/28/93 AGSF 1024 114 8.4 74 ] 0.810 0.160 3 82
10/11/93 AGSF 288 8.8 8.8 13 50 0.H0 0.089 2 79
05/23/95 PUMP 16.2 44 87 72 0.778 6.126 10

06/13/95 PUMP 176 22 - 127 0480 a.170 7

(720198 PUMP 283 - 1 209 0.0 2012 5

68103/95 PUMP . 19.8 4.0 78 1918 - 0,082 0.052 0.5

08{17/85 PUMP 420 15.0 28 8.8 . 0,366 G100 7

08/39/95 PUMP 480 15.3 1.9 6.2 rrij 2.290 (.068 3

09/27195 PUME 546 13.2 31 6.8 1682 0.094 0,046 7

10/17/88 FEMP 307 11.8 41 6.3 838 1.20 0.068 16

d5/25/94 kbR 488 1 5.1 [ 5800 0.850 = 0.160 3 58
peNn4i%s . FCDR 244 158 35 6.8 840 0.960 2.130 11 86
£5/30194 FCOD 218 16.7 23 73 21 1.38 0.03% - 8 69
g7119/94 FCon 21 18.7 83 7.0 8000 0,260 6,674 7 87
0811j94 an n 213 5.8 84 136 2.210 6.100 8 87
08/23/94 £0DD 233 1786 25 7.0 40 0340 0.064 HE 66
09107/94 FCDD 232 177 42 71 85 0.280 0.063 7 75
8916/84 FCOD 197 155 1.6 8.7 18 0.450 0.05¢ 0.8 80
10/0384 FCon 244 1.8 44 71 230 1.00 0,053 g 82
10/18/94 FCDB 180 9.8 3.6 6.8 83 0.970 9,054 13 85
09/15/93 FCLD - 179 128 %4 72 220 0.240 . 13 45
10{13193 FGLD 184 114 10.6 VA 54 2208 6.024 0.5 48
05/18i84 FCLD 185 1.3 0.5 7.2 &00 0480 0.069 5 26
06/69{94 FCLE Ll 133 7.1 7.3 440 0.310 0.050 0.5 a8
07/11/84 FELE 89 - 14.8 10.8 6.9 2408 6.200 0.038 4 28
98/01/84 EaE] 118 124 B.b 73 1160 0.028 0,021 35 29
09112/84 FoLD 111 121 16.6 YA 410 0.189 9,063 g 37
19711/94 FCLD 150 10.6 10.1 6.7 118 0.076 9.039 7 34
65/05/85 FCLD 10.7 104 %] 560 0.48C 0.02% 5

06/08/35 FGLD 14.3 8.7 88 300 0.336 G.690 21

07/11/85 FCLD . 188 29 84 220 0.280 6,090 4

08/07{98 FCLB 206 15.8 - 6.3 354 0.260 0.160 7

09118185 FoLp 374 159 0.3 64 118 G.310 0.048 [}

10/04/95 LD 279 13.6 28 8.2 590 1.80 0.668 20

05/08/96 FCLD N4 33 8.1 6.2 210 0473 9,056 13

06/03/96 FELD m 154 6.2 6.1 380 0.746 0.077 7

G116/96 FCLD 480 207 4.8 6.9 320 6.444 0685 5

08/05/96 FGLD 452 17.0 48 §.8 16200 2470 6.082 7

08/10/96 FCLD 436 ‘18.2 6.1 6.8 178 0487 0.054 7



Sampa Station Sond Temp o pH FC NO,IND, TP T$S HARD
Data D fermhosfony) 't} {mpfLy {units) #1108 mi {mglt} lmgil} lmgiL) {mgil)

10{14{86 FCLE 367 11.7 4.8 5.3 . . - -
05/23/95 FCMS 14.2 54 2600 0.5%9 6110 5

08/13/85 FoMS 163 2.8 - 4609 0.270 4.13¢ HH

07/26/85 FLMS 21.7 . &9 112 0.651 0.054 28

08/03/95 FCMS . 224 3.2 6.8 200 9460 0.062 8

08/17/9% FCMS 232 - . 65 . {.500 C.084 17

08/30/95 FCMS 4 18.9 2.7 64 an 0.340 8.671 13

G9/27185 FCMS 266 14.2 1.2 8.3 1060 G420 0118 19

10117195 FCMS 150 11.9 92 8.3 700 6850 0.047 7

08/15/93 FoLY 134 12.1 15 1.3 180 0460 . 7 51
10/13/93 FoLU 135 124 118 4 550 0.760 0422 3 51
g5/18/54 FCLY 158 iLe 10.5 1.6 140 0.480 {.058 3 22
06]09/94 FELY 75 129 7.3 Tt 450 0.840 0.050 5 24
07111184 FoLU 85 13.6 11.8 73 11386 0.350 0.624 05 28
(8701/84 FCLU 87 12.8 9.6 7.3 1827 0.170 0068 0.5 33
0912194 FCLUF 108 11,3 H1a 71 s0c 6.220 0.078 19 43
10111794 FCLE o5 10.2 LG 7.0 854 0.23 0.024 5 38
05/05/95 Foiu 10.8 10.7 B6.8 &4 04M G.0t9 5

08106/8% FeLU 1.2 10.5 6.7 148 0.370 0,013 4

{7i11)95 FCLY . 14.8 9.4 PR 480 6.306 018 2

08/07/95 FeLU 178 13.7 9.0 B.6 3306 0,360 6.037 g

09/18/95 FCLU 164 14.3 894 6.4 230 0.230 6,625 2

19104185 FCLU 13 - 117 8.5 64 250 6.550 0.028 19

05/08/96 FELE 7 8.5 10.2 85 128 5474 0.020 ]

06/G3/96 FCLY 118 139 i6.3 5.6 188 0481 o.m? 3

07/16/%8 Foil 180 154 94 6.8 121 0418 6,623 4

08J08/556 FoLU 185 132 10.0 %] 490 0.306 0.02% 4

09/10/96 FCLU 203 j2.2 10.8 (%] 580 8.251 0.014 kK

05/23/95 LH1 1.3 83 73 410 0.860 0.023 3

04/13195 LK1 154 8.3 . - 0.600 6,110 3

(726]85 H 18.3 2.2 65 58 6610 0.020 9

08/G3/95 {H1 . 185 3.7 59 518 005 0.023 0.5

DB{17145 LH? 2319 129 135 o4 9100 1.40 0.062 170

08/30{95 L1 272 12.3 10.4 6.8 218 0380 6.040 0.5

09/27/85 LH1 320 13.6 8.3 6.8 1060 G.650 2.10¢ 13

10/17/95 LH1 217 114 10.5 6.9 860 200 0.040 12

05123195 LHZ * 113 85 6.5 78 1.10 .039 8

08/13/95 LHZ .1 8.0 . 41 0.780 G.130 4

67120195 1H2 16.8 - 7.7 115 G.670 0,01 12

08/63/95 H2 . 181 9.8 8.0 620 (.640 0.041 g

DB/17/95 LH2 282 124 4.8 6.7 . 1500 3.30 AL 280

08130/85 LHZ 31t 12.6 10.8 6.9 224 0.740 .05 0.5

09j27195 LH2 335 132 8.2 1.2z 5460 0.930 0.088 16

1017195 LH2 243 HAN 6.2 7.0 1oe 3.60 0.041 10

0822/95 COHZ 124 7.1 50 1820 &40 7

06713785 ceuz 129 53 . 74 0.540 6.130 3

07{20/95 eenz 147 59 68 ag ¢.600 p.018 4

08/0345 £oHZ . 145 52 7.1 541 6.510 0.043 05

UBl17/85 coHz 178 . . B.1 15700 0450 0,059 10

08/36/95 CEH2 291 121 52 6.6 80 0.580 0.040 05

0927195 CCH2 257 128 47 B2 3560 0.500 0.082 13

1017195 CCH2 02 1.3 54 6.5 1400 0,246 0.081 1t

10/31)95 CCH2 259 53 6.9 5.8 36 9.718 0.039 - 4

0(5/25{94 cols 362 12.3 10.2 7.7 140 170 (x B0 [12:] 43
56/14/34 [HRR 127 14 75 7.3 " BIb G800 0.050 &5 43
06/30/94 CCLS 138 14.0 85 17 ] (840 0.073 [ 45
07/19/94 CELES " 15.5 . 80 7.8 830 0.719 0110 15 48
08J10/%4 ooLs 145 17.8 9.0 1.6 226 0.630 0.089 it 4
98/24/94 (R 144 4.6 84 78 3500 6.770 0.058 19 ¥
{18/06/94 CCls 142 133 16.0 FA] 1236 8.756 0.085 15 58



Sampe Station Gond Temp Bo pit G NG, /N8, kL3 88 HARD
Date n {ermhos/em) {4 {mgfL} funits) (#1106 mt} {mpit} fmgll) [mgit} fingil)

G9720/34 GeLs 147 1439 8.1 72 250 0.750 0.068 7 53
10103794 CCLS 155 181 19.2 18 458 0.630 0.230 22 &3
10419794 [HH3] 118 10.0 10.5 7.5 460 G710 0.052 g 56
05/25/94 cous 246 12.2 97 6.7 28 0.730 6.050 6.5 35
0BI14/%4 LLus 106 19.8 19 12 188 0438 0.058 [ 46
06/36/84 Cous 113 127 101 64 4 0480 0.029 9 45
a7119/94 CCUs 128 13.0 4.5 7.3 489 0.380 0.034 12 40
08/10/94 ceus 13 12.8 87 73 450 8.270 0055 g 34
08j24194 cCus 121 H A 9.3 1.8 145 0,376 0,056 8.5 44
09106/84 oous 132 144 48 79 49 0.380 0.059 4 48
(9726784 oous 126 139 38 71 81 370 0.045 3 51
10{03/94 CCUS 128 ;2 108 71 19 G410 £.061 18 50
10/19/94 [Huik 118 1 9.8 7.2 48 6400 6.049 2 5C
05/23/35 EF 125 ) 4 0570 0048 4

08/13/95 FL1 14.8 50 . 540 0450  0.130 3

0712G/85 FL1 18.5 7.8 YA i22 0.6580 0.023 0.5

08/03/95 ELY . 6.5 6.8 7.3 254 0.340 0.05% 2

08117185 FLY 28 . . 6.3 2000 4.330 9.02% 19

08130195 FL3 532 i34 45 6.8 300 0072 0.035 3

69727185 FL1 261 14.8 3.8 8.3 1690 0.180 0.057 26

19{17795 L1 285 12.2 58 8.8 1540 0.220 b.07% 85

D5/23i95 FL2 134 75 1% 740 8.611 3

06/13{95 £12 128 6.3 . 51 120 0,100 3

07120185 F2 14.7 78 6.8 i} 1,10 p.oc8 2

08/03/85 FlLZ . 15.2 8.0 71 7 1.10 0.039 0.5

a8/i7/85 FL2 264 - . 6.1 2806 1.80 0.033 12

{8130/9% FL2 4790 13.5 132 5.8 782 118 6.020 2

0827195 L2 142 15.1 59 6.2 860 042G 0.028 36

19{17/85 FLz 262 i2.8 58 6.8 247 0,750 0.060 180

05123195 FL3 13.3 84 5.5 48 1.60 0.016 2

NB/13i95 FL3 15.3 8.8 . 154 1.50 G110 4

07120195 FL3 18.7 2.3 6.7 45 G340 G624 15

08/03/85 FL3 . 16.7 20 %3 530 0.250 6.052 11 -

08/17/85 FL3 6 . . B4 1269 210 012 3

68/36/95 FLZ 390 11.8 10.1 8.9 3 2.80 0.084 8

19127195 FL3 141 5.1 5.0 6.3 1906 0.200 0.083 . 28

10/17/85 FL3 249 i1.8 55 431 1908 1.30 0.659 1k

05/26/84 STLS 223 14.4 11 7.1 36 0.480 0.056 7 a
G5713794 SYLS 101 P B X 6.9 67 280 0.360 0.050 2 32
66/27/94 37L8 123 17.1 100 74 308 330 0.024 0.5 o
07/17/94 §TLS 124 19.7 8.5 72 1 0.330 G022 5 g
08)Ga/94 3TLS 133 16.9 7.1 7.2 720 G150 0.625 B 9
0822194 §ILS 189 16.3 8.8 FA| 1269 0.260 0.061 30 i}
05/08/54 STES 100 15.5 18 12 600 0.239 0.057 ig 51
09/19/84 STiS 108 15.0 7.8 1.2 106 0.220 0.050 4 1
10/05/84 STiS 136 10.5 10.5 73 140 0.270 0.032 7 G
1017/84 STLS 93 104 10.% 11 9% 0.150 9,031 [

05726198 STUS 191 124 57 78 120 ag9¢ 0050 16 B
08713194 $TUS 87 iZ28 8.8 6.5 320 0.988 0050 27 i
G5127/84 §TUS 1m 14.7 18.1 12 300 0.650 0032 5§ 1}
67117194 BTUS 102 16, 8.0 8.7 78 0.510 B.023 4 1
08/c8794 148 104 16.2 7.6 74 3106 ¢.500 6.0631 4 hi]
0822194 STiéS 123 15.8 6.2 1.2 127 116 a.ms 6 Q
09/08/84 STUS 85 153 - 8.2 1.8 236 0.278 0,043 4 29
0918/84 STUS 6% 14.9 7.8 6.8 280 0.269 0.048 28 3
10/05/94 - BIUS 96 11.1 94 1.8 260 0.269 0.047 56 [
10117194 BTUS 7 4.7 10.6 71 78 0.180 8.040 15 .
(5/25/94 TRUS 139 15.3 8.3 1 53 0.050 9,066 0.5 18
05{14/94 TRUS 68 i67 5.3 B3 12 0.500 0.058 4 15
(56/30/94 TRUS 12 16.0 2.1 73 13 0.048 . 2 18



Samips Station Gond Temp no pH FG N8,IND, TP TSS HARD
Pata 18 {ermbosiem) £} {mgiL} {units} #1090 mt) {mpll) {mgil) {mgit) {mpfl)

081994 TRUS 43 i8.1 6.5 140 310 0.m7 0.028 05 19

08/24{94 TRUS 88 17.1 7.3 1.6 21 8.340 0.023 19 13

05/06/54 TRUS 78 14.5 9.3 1.5 360 9918 6,023 G5 15

09720184 TRUS 66 15.9 5.8 70 78 {.386 6030 [ Rs] 9

1010324 TRYS 68 131 57 74 20 0.018 0.034 14 i0

10119194 TRUS 55 104 104 6.7 8 0.027 0.018 0.5 12

0916193 WCMF 158 11.3 13.2 78 -1 c.610 . 25 56

10113193 WEMF 172 114 12.7 73 28 0,580 0.013 0.5 46
" os/18/94 WOME 178 10.6 10.8 18 120 0,600 0.050 5 27

66/09/94 WIMF 98 125 7.8 73 E800 0.580 2,050 0.5 38

071194 WCMF 103 i5.8 3.8 7.6 123 0.520 0.031 0.5 37

08/61194 WCMF 116 164 17 78 85 6400 0.020 34

0git2/94 WEMF 93 12.8 Hi 1.7 11¢ 0.376 6.043 G5 48

10181124 WCMF 86 10.8 1.6 6.8 53¢ D480 6.079 7 56

95/05/95 WCMF 198 0.9 1.3 30 0.530 0.069 3

{6]06/95 WCMF 10.8 11.0 6.9 64 G.840 . 4

07718195 WOMF . 13.8 10.5 71 108 oo 0.021 o5

G8/07i86 WIME 88 13.0 . 7.0 780 0.750 0.017 8.5

69{18/95 WCMF 174 137 9.2 78 118 0.580 0916 72

10{04/95 WCMF 108 i3 0.7 8.8 280 0.550 0,030 13

05/68/96 WCMF 80 8.3 1.8 6.4 174 0498 0.015 4

0B/03/85 WCMF jcs 13.7 10.2 B7 1560 4.500 G021 12

07118/86 WCMF 188 4.8 103 1.6 280 0.797 &011 3

08/06/96 WCMF 178 12.8 111 7.0 140 . 0548 0.017 2z

98110196 WCME 180 12.2 104 74 220 0.697 0015 4

08/16/92 WEWE 196 - 11.4 12.2 17 93 6,870 . [] 54

1013193 WOWF 198 113 13.0 74 a3 0.708 0.020 1 51

6518194 WEWF 195 S122 10.7 78 50 0489 8,956 2 N

5705784 WOWF 113 6.2 79 6.8 114 04290 0.050 0.5 43

o114 WOWF 130 185 11.3 1.7 163 0.410 0.026 0.5 44

08/G1/94 WCWF 138 15,9 10.8 7.8 360 0.300 0.030 0.5 42

081 2{54 WEWF 178 12.8 3.0 75 ) 9.250 G648 G5 852

10/11/84 WOWF i29 11 125 14 89 0.360 6.034 4 57

05/05/65 WOWF - 10.8 10.7 6.9 78 0470 0.ms 3

J6/06/9% WCWF 1.4 104 7.0 189 0.520 0.017 0.5

9711198 WCWF . 14.1 10.0 6.9 122 o480 0.m7 08

08i07195 WCWF 28 13.2 8.5 6.9 80 0.520 0.026 2

09{18/95 U 24% 134 94 g7 3969 0410 0.016 3

1910438 WLWF 150 A 8.9 8.7 500 0.780 2033 12

G5/08/96 WCWF 78 8.3 10.9 8.8 150 0479 0.023 7

{16/0:3{96 WCWF 124 133 10,2 6.7 17 0470 0.027 §

07/16/98 WEWF 273 150 8.2 71 Vi 0470 6611 2

08/06/35 WOWF 248 13.1 161 76 540 9427 6,622 i

0911686 WOWF 289 125 10.5 7.2 131 0420 0.028 1



Appendix E.1. Snohomish County wet season ambient water quality data.

Sampls Station '
Date 1B Cond Tamp BO pH FC NO,/NO, TP TS5 HARD
{erwhostern) '8 {mgiL} funits) = {#N00mL) {mgiL tmgll) [mgit} {mglL}

111583 GCEF 283 14 1.7 17 420 0,640 0.120 26 85
1112883 {CEF ey Eh 128 74 750 . o 23 74
12118/83 QCEF 162 53 9.9 7.3 41 230 0.048 13 70
12129198 QCEF 181 3.8 1.2 74 68 1.00 0.6a0 7 51
01j19/94 OCEF 164 5.3 9.6 7.3 2000 110 6473 8 51
(2191194 OCEF 164 25 10.3 74 619 1.1 0.067 11 44
32122194 QCEF 131 54 9.8 73 §6 1.70 0.054 18 o
63/14/84 QCEF 172 1.8 il3 140 280 0.280 0.063 -3 72
03/30/34 08EF 175 1.4 9.6 7.1 3680 0.780 0,077 Hil Je
04118/94 0LEF 48 11.6 9.4 74 7400 0.630 0,045 0.5 8¢
111064192 aoin 280 4.1 5.8 14 340 c.810 0.087 05 78
12167192 acLd 284 5.7 74 14 220 110 6.10¢ 3 77
01/13/83 oclD 166 1.8 &89 71 240 1.50 0,130 10 34
02102/83 acLp 168 4.9 8.3 87 25 1.50 2.069 3 57
03/03/83 acLh 195 8.2 7.2 74 380 1.50 0110 0.5 87
04j08/93 DELD 218 8.2z 6.1 1.6 i) 1,60 0.087 5 80
11i84]93 oois 321 8.2 104 15 129 . [.686 1 70
12{06/93 0ELs 288 3.8 13.0 72 42 1.89 G.080 2 74
G1/13/94 oeLn 258 a1 8.1 75 72 1.89 6.088 - 2 69
B2109/94 acLp 289 44 4.8 73 §3 1.60 0,088 3 ¥i:]
03/07i33 acLp 260 6.5 121 73 54 1.70 0.084 0.5 i3]
04113194 acLn 339 9.3 99 15 105 .10 0.072 0.5 67
1167194 - GLib 192 6.5 108 7.2 306 0.700 0.082 2 63
12165794 iR 160 20 13.2. 6.9 %4 520 0.066 3 B4
01/10/95 hinii} 162 51 12.6 6.9 3870 1.30 [IAKH 7 i1
02]09{85 iRkl 127 49 111 1.3 230 1.30 0.060 8 65
03/08/85 acLp 129 5.5 0.7 16 230 1.20 2,086 8 64
04/08/55 acLn 168 9.4 i0.8 7.3 240 0,969 0078 7 64
14)06/85 oLy 361 6.6 10.0 8.7 127 0.929 0.058 2z

12113/9% ackn 235 8.4 8.2 68 1460 140 0150 4

103196 acLn 309 8.7 10.5 7.1 22060 .48 0.130 7

02i97/96 05in o238 B1 149.5 6.8 . 140 G.110 3

G3j94/98 b 335 64 114 74 140 149 6.087 it

64/93/96 NneLp 318 7.8 113 71 roe 0.990 0.081 12

11104482 acLy 242 9.1 8.7 83 42 4,720 0.230 i 78
12{07192 acLy 213 59 786 1.9 i 1.30 0.2G0 ] B8
01113793 acLu 138 23 94 6.8 100 1.3¢ 0.190 1 80
02/G2{93 acLu 128 4.8 9.7 11 13 2.20 0.120 g 52
03/03/93 GcLy 173 0 78 7.6 1oe 1.26 0,206 5 57
04J06/83 OCLy 218 7.8 6.6 7.5 12 G860 0.136 & a4
11104/83 nciy 249 84 13.7 15 94 . 0,260 1 61
12/06/83 ocLy 240 59 13.8 78 a4 3.20 0.140 13 &7
01/13/94 acLu 204 83 98 18 23 2.60 0.120 2 49
02/09/94 QCER 217 4.8 18,8 7.1 45 1.20 0140 ] 58
307194 1 221 6.2 12.8 1.2 16 2.50 (093 2 62
G4{13/94 oLy 237 8.3 114 1.0 it 1.70 G.G66 H 45
11707184 IR 158 75 124 7.2 143 0.690 (220 [ 56
12{05/84 iixki] 126 34 138 7.3 43 1.29 0,158 8 53
01{10i85 iIHE)] 104 5B 14.1 7.3 370 1.80 0t 17 37
02/69/95 acLy 121 6.0 1.8 74 42 1.10 0.140 3 g2
03/68/95 acLu HF 73 HE 74 2900 1.00 0.140 5 50
(4/66/95 GCLU j26 8.4 118 15 Bl 0.840 0.340 8 51
11J06/85 jHinti} 277 6.8 12.2 15 20 0.640 0.190 2

12113/85 ooy 172 8.1 11.1 6.9 1 t.80 0.043 12



144

Sampe Station Cond Temp il pH FC N, IND, ks Ts$ HARD

Data D {rmhosfem) e} {mgit) {units) (#1106 i) mgiL) [maiL} {mgiL) {mgil)
01/03/96 acLy 168 1.8 123 6.8 54 1.50 0.076 8
02{07i96 aeLy 153 54 130 6.9 . 1.70 0.056 12
03/64/96 i} - 8.1 133 14 Z0 1.20 0120 3
04{G3/96 DELY H 5.8 12.2 FAl 180 1.28 2.088 10
11115793 GCMF 360 838 113 14 368 - 2.00 0,156 4 85
1129193 GeMF 348 73 11.8 1.5 3706 1.09 2175 L} 110
12/16/93 GCMF 278 5.2 8.0 14 25 2.80 0.126 7 75
12129123 GOMF 338 84 82 7.3 85 1.79 0126 4 85
01/19/94 GEMF 258 5.3 8.0 13 84 1.89 2100 1 86
02/01/84 JCMF 312 4.1 9.8 74 44 1.70 0.084 8 70
021224 OCMF 43 6.0 10, 12 680 2.0 0.240 33 64
03/14/84 QCMF 146 10.7 10.2 7.3 A 0.760 0190 A 90
03136/84 LCMF 302 10.7 104 74 43 1.60 6110 3 79
a4118/94 NCMF 442 12.% 9.8 7.2 §3 - 1.30 0.083 1 1060
11115/93 aCMs 338 8.8 19.2 - 360 1.50 6120 1 100
11128193 GCMS 338 73 12.6 74 13 1.10 0097 Z 9%
12/16/93 2CMS 246 6.2 8.8 7.3 b5 2.36 G098 58 64
12129/93 acMs 2927 X3 94 76 240 .76 G.0692 B 78
0119194 aoMs 283 58 83 7.2 73 1.8¢ (398 7 B9
02i0%194 OCMs 270 3.9 10.% 78 536 1.86 0.088 B 62
0222194 acms 260 57 111 12 486 200 017 18 59
G3/14/94 frin 128 0.7 10.6 74 33 1.00 0.088 0.5 75
03730194 NcMs 4 18.7 0.5 73 810 1.60 0,083 2 81
G4{18/94 CMs 399 12.8 8.5 18 840 1.440 0,080 H 89
1115193 acus 412 57 139 77 75 1.00 0.041 18 140
11/28/83 acus 438 6.5 1.7 74 19 1.60 0.044 3 93
12[16/33 acus 272 7.0 8.8 71 24 1.40 00N 8 T
12129193 Geus 343 5.8 83 72 18 1.80 0.081 65 8%
01/19/84 4cus 343 6.7 8.3 72 18 2.00 0.042 3 86
62i01j84 Geus 324 38 9.8 74 28 210 0.032 4 1
D229 aeus 286 6.3 8.1 7.2 37 1,70 0.055 5 77
0314794 GLus 234 134 4 1.3 A4z 1.70 0.044 4 8%
03/30/94 arLus 13 11.4 44 73 3 1.80 0.054 4 98
0418/94 acus 436 120 127 7.2 67 140 0.022 05 97
1115193 acwr 87 85 9.9 15 ac 0.240 0.052 1 i1
11/29/93 QCWF 325 7.8 108 17 70 U.EG_I] 0.078 7 110
12/16/93 aCWF 328 59 8.3 72z 52 340 0.098 2 68
12/2993 acwr 278 5.4 84 7.2 3480 140 0.065 1 74
01/19/%4 GCWF 257 84 8.0 7.6 54 1.68 0.086 17 64
02i01{s4 GOWF 255 3.2 84 74 308 1.70 0.968 8 59
02122154 GOWF 260 8.1 A 7.3 94 2.19 2,106 1 52
03/14/84 GCWF 238 17 109 1o 34 0,246 9064 5 77
03/36/34 QCWF 261 167 10.0 12 358 £.790 1,068 3 75
o418/84 QEWF 372 124 88 74 530 4,690 0.088 1 78
11104/82 ACLD 365 8.7 24 1.3 46 1.19 0.081 2 79
12108/92 AGLD 325 4.3 38 7.0 120 zn 0.087 1 80
01113183 ACLD 180 0.2 59 73 18 320 0.057 4.5 34
02102193 ACLD 1982 45 5.3 1.2 2 3.B0 0071 0.5 83
" 03/03/93 AGLD 194 1.2 48 72 33 2.80 0.070 0.5 62
04106193 ACLD 196 8.1 35 7.3 B 210 0.059 7 85
11j04/93 ACLD 319 9.0 42 1.1 32 2.00 084 4 87
12/06/93 ACLD 258 35 6.8 7.1 4 4,60 6.150 Z 83
01)13/84 ACLD 345 9.0 33 7.1 9 4.0¢ AN 0.5 71
02j09/94 ACLD 336 3z a1 7.1 22 3.00 G688 0.5 71
03/07/94 ACLD 337 6.6 7.6 7.2 7 3,60 G090 2 67
04113184 ACLD 384 10,1 3.5 7.0 21 2.10 G.110 0.5 74
11/07/94 ACLD 175 1.8 6.3 6.8 B30 0420 G.140 1 64
12i85/94 ACLD 204 14 2.4 6.8 20 2,96 0,687 1] &9
110495 ACLD 41 56 6.8 8B5S 246 2.56 0.083 2 B2
G2j09]95 ACLD 120 57 48 68 E1 2.5¢ 0.058 2 89
(3/08/85 ACLD 8.3 4.6 6.8 80 2.00 0,081 4 83



Sampe Station Cond Yamp Bo pH i 4 NO,iNO, TP S8 HARD

Data 2] lyrhosjeny {'c {mgft) - {usits} {#1100 mt} {mgil} {mgiLh {rmgiL} fmplt}
64106/95 ACLD 172 94 4.3 7.2 18 146 0058 05 62
11/06/95 ALLD . 57 4.0 6.9 40 1.30 0.048 7
12/13/95 ACLD 757 85 55 8.7 180 270 0170 0.5
011493196 ACLD 357 2.3 33 6.8 43 330 0.058 05
02017196 ACLD 268 6.6 85 6.8 . 290 0.150 10
G3{04/86 ACLD 369 5.8 44 5.8 15 340 0120 1
(/03796 ACLD 355 13 5.5 5.8 59 1.70 9.09% 3
11104192 ACLU 341 87 58 715 2 0440 0.180 0.5 73
12468/92 AcLl 345 i.7 57 7.0 900 0,586 0.180 3 74
01113/93 ACLU 124 [I¥-3 7.8 7.3 40 0.880 0.095 6.5 28
02/42/53 ACLU 162 44 7.3 YAl 2% 1.30 0.aa0 &5 79
03/03/93 ACLU 181 7.8 7.1 14 1569 0,720 6280 2 68
0410693 ACLLE 180 8.1 5.2 76 1260 G530 6.120 2 64
11j04/93 ACEY 386 8.5 87 75 420 0.800 U:T [:44] 1 76
1210693 ALY 353 35 18 7.0 8500 1.60 0460 § 88
01/13194 AGLU 58 8.8 54 71 320 1.70 0.240 05 12
02109194 ACLU 232 2.7 48 6.8 68 0.920 o110 0.5 B3
03/07183 ACLU 228 6.3 107 7.1 14000 200 0.24¢ 2.5 65
04/13/84 ACLU 358 38 9.1 74 340 1.06 4,160 25 76
11107i84 ACLU 208 5.1 87 6.6 550 0476 0.186 5 80
12{05/94 ACLY 182 29 9.6 6.2 426 {.626 0.150 0.5 7%
mMN9795 ALY 177 4.9 8.1 6.6 964 0.918 0.230 2 65
D2/G9/85 ACLU 151 5.7 4.2 6.8 1154 0.770 0140 G5 64
'03/08/85 ACLU 106 6.7 s [ 28 0,660 G110 5 55
B406/85 ACLU 152 83 164 1.2 1669 G440 G110 5 63
1%108/55 ACLY 295 59 9.7 7.0 50 0.240 5,118 0.5
12143198 Agty 282 8.2 1.0 6.8 200 250 0.219 7
01/03196 ASiY 285 84 18 B.7 368 1.80 0,130 0.5
02/07/96 L5 Rl 234 64 B4 6.7 - 2.00 To0B0 8
03/94196 ACLU 285 6.1 10.9 6.3 {18 0.949 0,300 7
04193/96 ACLU 334 6.9 1.2 7.9 6000 0520 0,084 4
11/16/93 ACML 355 84 16.2 74 810 1.60 0.040 035 84
12{01/93 ACMC 373 8.4 12.3 73 730 1.28° a.108 34 s
2115/83 ACMC 478 7.8 8.0 6.8 3 5.09 0047 19 7
12/28/83 ACMC 316 3.2 10.0 7 44 . 360 0.035 2 B&
01/20{%4 ACMC 288 5.5 g4 13 36 .60 0.035 G5 74
018184 ACME 310 3.8 38 7.3 150 3.30 0.635 8 B8
02/23/84 ACMC 204 (41} 95 12 B8 310 G.054 13 [
08/15/84 - ACMC 265 9.2 10.2 73 2 278 06,635 4 2
03/31/94 ACMC 268 99 83 1.0 89 . 2.896 0.037 b 30
04]18/94 ACMC 375 11.8 8.8 15 a7 210 0.014 4 77
1118193 ACNS 304 7.8 11.2 . 30 210 0,360 0.5 82
12/01/93 ACMS 325 75 114 74 720 310 0.200 13 %
12/15/93 ACMS 232 1.7 54 71 43 510 0.490 37 kL]
1212893 ACMS 312 33 16.9 71 220 3.30 0.981 5 &2
B1120i94 ACMS I 8.1 8.8 7.1 570 4.00 0,146 7 4
0131194 ACMS 369 34 8.8 14 166 4,00 HINDE] M 79
02123194 ACMS 278 6.0 A 73 386 4.20 0.260 21 6%
03/15{94 ACNS 274 9.1 10.8 74 81 329 0081 7 81
03/31/84 ACMS 265 10.0 84 73 78 360 0.0a0 G5 B9
0418/%4 ACMS 384 111 87 FAH 173 2.80 6057 a5 81
11/16/93 ACNF 295 6.8 712 7.2 18 G470 G.380 05 78
12101193 ACNF 470 18 7.5 7.0 430 3.68 0.280 7 95
121161923 ACNF 385 14 b8 6.8 29 B.70 0,67 0.5 i
12128193 ASAF 344 1.9 8.3 7.2 820 350 0313 24 91
1720194 ACNF 357 5.3 14 1.8 22 4680 0.189 0.5 93
G1731/94 ACNF B0 2.8 8.7 71 369 510 0260 50 88
62123/94 ACNF 337 57 8.1 72 459 5,70 0.480 & 1316
63/15/94 ACNF 160 83 8.7 73 300 3.70 B.16¢ 1 Ll
0331794 AGNF - 288 9.5 8.0 14 60 3.18 0.12¢ ] 79
04/18/94 ACNF 378 igg 8.4 14 il 3.19 0.120 125 8%




Sampe Stativy Cond Tamp 80 pH Fo NO,IND, g 788 HARD

Dota ] {urmhosicm) 5} {mgiL {units) #1106 mL} {mgil) {mgit} {mgil) gL
11j16/93 ALSF 585 6.8 19 12 190 0.66D 0.069 5 81
129193 ACSF 265 - 114 73 120 240 0.083 18 81
12/15/83 ACSF 221 75 8.6 8.3 43 4.90 0.051 5 63
12128/83 ACSE 304 2.8 i0.3 7.1 17 1.80° 0.079 10e 87
61120184 ACSF 322 50 9.0 7.9 1706 248 0.120 0 B8
G1i31/94 ACSF 281 kA 97 74 180 2.69 G673 12 B4
52123194 ACS? 208 5B Hily 1.3 29 239 G138 11 n
0315194 ACSF 234 88 16.8 7.2 314 170 G.098 i 86
03{31/94 ACSF 268 8.7 101 6.4 370 1.50 G.148 4 74
0411884 ALSF 325 10.8 95 14 360 1.30 6.065 0.5 71
10/31/95 PUMP 309 15 2.9 6.0 - 1a 1.20 .08 g
11115195 FUMP m 10.6 24 B.2 140 0,840 0,083 0.5
12]67/85 pUM?P 86 5.2 13 6.2 1 0.250 D.041 N
12120195 PUMP 388 75 47 6.3 370 1.16 0.260 26
ai/10/88 PUMP 292 158 g7 B.5 386 1.1¢ 0.032 33
02/13/86 PUsMP 68 b.8 10.6 84 1800 0.340 0.0t 120
02128/86 PUMP 27 34 10.9 B8 908 0.750 0.676 41
03]13/86 PUMP 313 9.3 39 5.8 32 i.10 0.052 3
03]27/86 PUMP 181 9.2 53 5.3 33 0,210 0.036 4
1311594 FCDD 48 84 6.2 B85 k11| 4.20 0,884 13 67
11128194 FCID 136 6.3 15 6.5 44 3.20 0.951 B 66
12112/94 FCOD 133 53 7.8 6.3 280 2,50 0.018 P n
01117195 FEBD 134 8.5 . 64 12 540 0,478 6B .
1/30/85 Feon 16t 73 8.0 6.2 i1 2.70 0.030 1 Ll
02/16/95 FCoD 145 5.2 8.3 6.7 118 1.80 0.056 16 60
(2/28/95 Foon 154 54 9.3 6.4 240 1.50 0.026 18 68
03715195 FCOB . 8.3 9.5 6.6 154 2.90 0.052 7 44
G3j27/95 FCOD 159 14 88 6.6 240 1.60 0.070 8 its)
04i12/85 FCOD BZ 9.2 1% 85 520 D.930 0.08 B 55
1191183 FGLD o182 77 t2.8 718 81 0.820 6.027 2 48
12109183 FCLO 156 6.3 12.8 5.9 34 240 G026 5 38
G1i12/94 FCLD 158 PR 9.1 89 36 2.58 G619 4 34
207184 FGLE 154 25 1.3 13 71 2.00 G617 0.5 39
0310784 FCLD 118 YA 321 72 30 2.00 6.020 2 44
04114794 FELD 168 8.2 Hi] 89 22 1.49 G.018 2 34
11710194 FGLD 125 g1 12.3 72 320 0.780 6.051 7 28
12108794 FCLD ] 13.8 13.8 5.8 101 1.40 0,034 4 27
01/08/95 FCLD 75 45 153 6.6 200 1.60 0.031 2 24
02/08/95 FCLD 1] 6.0 124 n 24 1.50 0019 ] 24
03/05/95 FCLD 75 45 12.8 6.8 i1 .10 D015 3 23
04/G4/95 FCLD . . 94 10.8 68 350 1.820 0.027 iz 27
1167185 FCLD 342 78 51 BB 1818 1.80 11062 ]
121n2/%% FGLD in 59 g1 &1 11004 1.1¢ 0.041 120
01]04/88 FCLD 218 6.2 104 [:1] 50G 1.90 0.044 38
02/06{56 FCLD 238 4.7 86 B4 168G 2.0¢ 0.046 26
33106786 FCLD 438 7.3 32 6.3 1509 0.840 0.063 38
04]02/56 FGLE 337 8.8 84 64 1500 980 0.088 22
10/31/85 FEMS - 5.8 85 64 70 - 110 0.035 :

11115/85 FEMS 259 0.3 63 8.0 70 230 6,106 11

12107/9% FCMS 188 5.6 88 6.8 30 6.888 8.09¢ 7

1212695 FOMS 436 1 72 6.7 6400 1.10 0.053 2

031/10/96 FCMS 222 75 82 - 64 7669 1.60 0,145 12

02/13/96 FOMS 121 5.2 11.0 6.2 1160 0,530 0.018 28

02]28/96 FOMS 180 4.8 19,1 6.7 830 0440 098] 400

03113/96 FLMS 135 9.0 8.1 6.2 100 0.619 0087 23

03/27/96 FOMS 544 73 2.0 6.6 1069 0440 9,450 48 .
11J01/93 FeLy 119 78 13,1 7.7 200 - 0.021 1 38
12109193 Foiy 108 8.1 134 69 3z 210 .17 13 k¥
01/12/94 Foiu 103 73 87 6.8 8 2,30 0.018 2 4
G2i57/93 FoLl 1 2l 11.2 7.2 7 1.88 0.G14 2 " 39
03110184 FoLU 96 70 124 7.3 11 1.99 0.012 i 44



Sampe Station Cond Temp no pH o NO,ING, ki3 1SS HARD
Data 1] {rmhosfom) fe) (mgiL} {units} (#1100 ml) [mgit) {mall} fmgll) {mglL}

BA{14i84 FOLU 142 8.2 11.3 63 i) 140 0,913 0.5 37
11§19/94 FCLEF 117 73 123 11 55 0.1 9.053 § 24
12{08{9% FELE 53 33 144 6.8 53 1.20 0021 4 22
01/G8/95 FGLU 89 50 165 BB 28 1.56 0.01% 0.5 21
02}08/45 FeLl 839 6.6 125 B8 26 149 0.099 2 21
B3/06/85 FoLU 62 50 13.6 8.7 14 1.09 G012 pA 18
24104/55 FOLU . 87 11.2 6.8 330 0.8310 G20 8 22
1107198 FCLY 134 6.7 12.8 6.8 740 9620 6.635 10

12112/95 FCLU 111 i 115 6.3 1 1.80 0.015 B

01j04/98 FCLU 103 6.3 125 6.3 17 1.56 0.039 18

02/06/98 FoLU 120 4.2 . 138 5.7 180 1.30 0.034, 30

G3/06/896 FCLU 122 6.8 120 8.8 20 10 0013 ¥

G402/ FCLU 118 i1 333 1.2 88 (.659 0,825 2

10{31/35 ] 22z 38 1.8 6.4 740 1.80 0012 0.5

11115195 iHt 188 100 8.5 6.5 40 320 0.947 6

12/07195 1H 187 4.3 115 6.7 1] 3.70 2019 7

12120{95 LH1 164 68 12.3 6.7 20 3.28 0.023 5

mi10/88 LH1 - 165 75 10.6 65 78 319 0014 8

02/13/88 LH1 156 6.7 10.5 B.B 20 270 0.014 [

02426/48 LH1 164 21 13.7 67 69 240 GGi0 35

8311356 LH1 184 70 12.3 B39 152 1.80 6.026 1

03/27196 LH1 185 8.1 11.8 7.0 55 1.50 0.028 0.5

10/31/9% 1.H2 220 38 11.8 6.9 36 1.60 0,027 5

11115/85 LH2 185 10,0 87 6.6 50 246 n.0za 3

12107195 LHZ 185 4.6 1.9 6.3 20 4,00 0.024 [

1220188 LEZ 187 64 12.8 5.2 1106 3.80 0.029 7

G1/10/86 1HZ 159 758 11.3 8.9 &4 410 0.036 9

02113198 LH2 166 8.2 1.1 6.9 kil 310 0.018 i3

02{28/96 LH2 184 28 12,1 6.8 97 2.50 0.008 §

03/13/98 LH2 207 7.5 12.8 1.5 13 2,00 0.028 B

03/27/56 LH2 214 1.1 134 76 HY 1.70 0.030 2

111555 GoHZ 212 98 89 88 BG 0.860 0.047 B

12i07/s5 GLH2 209 5.0 85 8.7 208 1.30 0.048 5

12120195 CCH2 213 7.3 85 6.7 172 1.40 G110 14

01110/96 CCH2 04 8.6 88 64 104 1.30 BG40 0.5

02113196 GCHZ 204 81 a9 6.8 10 1.30 0.046 2

02/28/96 CCHZ 27 40 8.5 6.8 13 1.1¢ 0.0 3

03013196 CCHZ 230 97 84 6.8 12 0.780 0.069 3

G3/27196 ECHZ 276 7.8 9.3 7.8 25 0.760 0.066 8

11/16i94 COLS 107 58 137 8.7 406 110 0.039 4 25
1113994 COLS 16 7.8 154 59 880 1.40 0,088 18 20
12113194 [HHE] [:1:] 24 128 1.2 o 1.20 6.02¢ 2 2%
0118795 ceLs 86 8.1 148 6.8 35 1.30 0,910 1 2
02/G1/95 CEES Bl 8.1 11.8 6.5 58 1.3 0.024 3 i8
0213{95 ceis 84 - 19 13.7 1.3 1 1.48 0.021 2 28
03/01/48 R 85 2.8 164 68 4 1.3a 0017 3 4
G3/14/55 {oLs . 8.3 12.0 6.6 145 1.30 0.C09 25 18
03128/95 Cels 53 6.3 12.8 70 15 1.3 G026 0.5 25
041195 CCLS 28 7.8 11.6 7.3 135 a.710 6.037 3 23
13116194 CCUs 26 5.7 1.8 6.8 229 2910 0,043 0.5 26
13130194 GoUs 42 18 12.7 6.7 269 1.60 0.035 13 21
12113194 ceus 80 36 1.5 6.4 11 1.2¢ 0.034 6.5 28
01/18/95 CCUg 67 B3 13.8 6.8 58 140 0.022 3 2
G2101185 CEus H 8.0 0.8 68 18 1.50 0.018 5 )
62/13j95 cois 89 27 126 89 H 140 0.021 3 8
03/61/95 oous 78 4.2 138 8.6 22 1.30 6.608 0.5 24
0314195 £ous . 8.1 1.2 6.7 340 0,989 B.810 4 18
03/29/95 tous 48 7.9 12.0 6.8 2 1.30 0.015 2 7
04/11/95 CCeus 40 8.2 10.8 s 81 0.850 0,026 7 22
10/31/85 Fit 478 78 47 6.8 180 0.054 0062 B



Sampe Station Gond Tomp bo pH 34 NO,ING, TP TSS HARD
Data [in] {wmhesjem) e {mgil) {units) #1160 mL) {mgil) {migll) [mglt} {onglL)

11115185 Fil 37 11.5 58 B.7 60 0449 0.058 34 -
12/07/85 L1 420 8.6 6.8 7.0 30 0.450 0.057 g
1220189 FL1 442 94 74 1.0 279 0.760 0.070 8
01/10/88 FL1 386 3.8 6.8 7.0 10 0.630 0.033 7
02{13/36 FLt 458 17 6.5 1.0 30 0.58¢ 0.013 25
02128196 FLt 478 5.6 1.8 6.9 10 9,156 0.031 11
B313/96 FLE 474 H i 1.8 7.1 1 0.044 0,091 g
03/127196 FLE 482 Hik 82 71 7 . 0,084 20
10/31/95 FL2 382 9.4 59 6.6 i3] 1.90 0.011 3
14/15/95° FL2 283 12.0 5.8 65 306 210, 0027 12
12107195 FL2 383 9.5 8.8 6.8 14 2,86 0.013 5
12120195 FLZ 404 10.2 7.1 87 9706 2.56 0.02% 2
G1/10/96 FLZ 376 10.1 6.8 8.8 30 248 G.G10 0.5
G2j13/96 FL2 426 82 8.0 8.9 3¢ 240 8,613 G5
6228196 FL2 420 85 9.1 6.9 65 230 0.4 i
03113198 FL2 422 104 83 1.G 24 2480 0,024 2
03147195 2 426 1.0 3.8 6.8 20 1.80 0.028 3
10/31/85 FL3 kv 64 15 6.3 320 220 0.083 14
11/15/85 FL3 324 1.1 1.7 B.5 60 2.50 0.027 58
12/07195 FlL3 314 8.1 8.0 6.8 10 2.90 0.015 45
12126/9% FL3 382 8.7 9.3 6.8 20 2.58 0.078 47
BY10/96 FL3 361 94 7.8 6.8 50 1.89 8,003 200
02113186 ELS 341 45 87 5.8 11} 240 09012 36
02128196 FL3 45 79 8.8 71 H 260 0982 &
13113186 FL3 353 94 99 6.8 126 2,70 0034 3

3127196 FL3 368 1.2 121 6.8 16 2.70 1.039 7
T1714/9% STLS H 8.2 125 : 55 110 1.035 3
11128/84 BEIRS 92 6.5 131 6.3 7 1.60 017 2
12014184 57LE 75 4.1 12.8 7.9 59 - 140 0.034- 110
G1j18j95 STLS 55 64 14.0 89 24 146 . 3
B1/31/95 318 62 8.9 10.5 54 8 1.00 . g
02114795 STLS 75 28 13.0 5.7 183 1.20 0.023 2
0227195 8TLS 100 6.8 114 6.7 26 110 0.067 2 -
03/13/85 STLS - 8.3 1.6 6.7 77 1.30 4 26
03/28/85 §TLS 76 9.5 1.5 6.8 14 1.20 . 2
D4/10485 §TLS B4 a1 118 7.1 53 0.689 0,068 2
11114{84 STUS 50 78 HES 6.7 71 0.880 0.034 7
11/28/%4 STUS 67 6.3 136 67 18 1.30 0.018 4
12/14/94 STUS Hl 4.1 12.1 7.0 49 1.16 6.015 2
01]19/9% SiUs A7 5.9 15.7 5.9 4 i.18 8.010 05
HHIA 57Us 57 84 10.5 6.9 610 0.830 0014 7
02114}85 STUS 74 28 13.0 6.6 97 2916 0018 1
02127195 8TUS 83 5.9 1.5 B.B 15 1.60 1018 7 .
03/13/95 §TUS . 89 10.9 6.8 2z 1.20 2012 3 18
G3728/95 §TUS 50 9.4 11.8 6.8 23 t.10 0.011 4
0410795 STUS 71 8.6 16.9 1.3 12 0.580 0.022 12
11118i94 TRUS 61 6.1 128 8.7 11 (.330 G.035 2 24
11130194 TRUS 19 7.8 9.9 6.9 22 G810 G022 3 18
12113754 TRUS 52 21 10.1 5.3 ¥ 116 6.015 6.5 18
01/19/95 TRUS &4 BB 125 5.8 4 1.20 6.614 3 14
02{61/95 TRUS 23 14 9.6 8.2 31 1.10 .01 123 i4
02413185 TRUS 47 3.2 14 6.0 2 1.20 0.013 6.5 H
03/01/85 TRUS 56 49 13.7 6.1 p) 1.60 0.003 2 4
0314185 TRUS . 19 105 B.2 25 1.50 0.069 0.5 11
03/28/95 TRUS n 8.0 122 64 20 0.980 0.068 05 15
04/11/95 TRUS 37 87 1.8 6B g 0.560 0011 0.5 14
11j01/93 WOME 168 8.6 13.9 7.8 37 . 0.018 2 48
12109193 WLMF 142 64 130 88 43 1.70 0.022 8 28
01112194 WaMF 140 7.3 9.3 7.0 41 1.50 4.020 5 25
02108/94 WEME 115 1.7 11.3 12 9 .10 0,017 3 32



Sampe Station Gond Temp Dy pH FC NO,iNG, 3 Ts$ HARD
Data ] Lrmhosen) (=] imgiL {upits} #1100 mb) mgilll (mgil) imgfL} {mgiL)

03/10/e4 WCMF &1 7.2 12.1 7.3 H 1.50 EM7 8 56
04/14194 WCMF 112 79 114 7.3 i5 116 0.012 3 39
13110194 WCMF 23 8.1 12.8 7.2 39 G540 0,043 4 25
12/08/94 WEMF 58 45 14,1 IR | 2t 6.720 0.023 4 21
01169195 WCMF 71 55 14.8 6.9 33 0,910 0.0t2 4 22
02108185 WOMF 62 57 128 68 2% 0,969 0.0%3 0.5 22
03/07/85 WOMF 64 49 124 59 14 0.759) 0.015 i1 23
04i04/95 WEMF . 35 1y 89 260 0.760 0.417 5 25
11/07/95 WOMF 3 87 10.5 5.8 - 873 0.E70 8,03¢ 20
12112195 WEMF 83 14 113 6.8 iy 0.750 9.025 ]
G1/04196 WCMF Bt 6.3 114 6.7 880 0.840 0032 22

" 62108196 WEMF 9 42 138 6.7 100 0,660 0.027 9
03/66/96 WCMF ¥4 B.6 12.1 6.8 14 .76 0.012 3
04/62{98 WCMF 81 74 12.3 7.3 68 0.536 0.626 3
110193 WOWF 159 57 138 76 17 0.830 &.620 0.5 42
1208183 WCWF 150 6.3 130 72 82 140 . 4 31
01j12/84 WCWF 138 13 82 1.3 14 1.70 Eo17 7 28
02107)84 WCWE 126 34 104 74 20 1.60 0.020 2 38
B3/16/54 WCWF :4: 7.2 119 73 27 1.30 0018 1 55
04114/94 WCWF 124 19 11,2 1.2 18 1.10 0.0t 3 38
13150194 WCWF 81 8.1 12.0 71 38 6,800 0.044 5§ 28
12108184 WCWF 55 4.3 12.9 1.0 27 D980 0.020 5 23
01/09/95 WOWF -7 5.3 14.5 B.7 . 300 0,969 0.020 & 2
02/08/85 WLWF 52 59 121 6.9 48 1.00 0,910 4 24
03107195 WOWF 63 4.8 129 83 29 0.789 0016 0.5 3
04194/35 WOWF . 845 10.8 83 73 0.680 0.921 1 28
11107/35 WLWE 114 71 11.0 71 527 0.860 0.047 B
12112185 WCWF 86 YA 95 6.6 30 1.10 0.022 21
G1/04/96 WCWF 44 8.8 133 8.5 190 1.28 0.040 40
62/06/96 WCWF 87 34 -13.8 6.7 230 G.830 0.019 M
03{66/96 WEWF 159 8.2 113 6.8 -7 9.80¢ .07 4
04162198 WCWF m 75 1.8 1.6 106 0,546 0.027 14
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